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Abst rac t  
EVALUATION OF A GAS DISCHARGE TRANSDUCER AND ASSOCIATED 
INSTRUMENTATION NECESSARY FOR THE ASTEROID BELT METEOROID EXPERIMENT 
By C. D. Parker  
Research Tr i ang le  I n s t i t u t e  
Research Tr iangle  Park,  N .  C. 
An e l e c t r o d e  assembly loca ted  i n s i d e  a gas f i l l e d  p re s su re  cel l  
as a p res su re  t ransducer  w a s  cha rac t e r i zed  i n  o rde r  t o  adapt t h i s  
assembly t o  a meteoroid experiment f o r  P ioneer  F/G. Numerous p r e s s u r i z i n g  
gases were i n v e s t i g a t e d ,  and a mixture  of 75 pe rcen t  argon and 25 percent  
n i t rogen  w a s  s e l e c t e d  as s u i t a b l e  f o r  t h e  meteoroid experiment. Addition- 
a l l y ,  i t  w a s  necessary t o  add an i n i t i a l  i o n i z a t i o n  source  t o  t h e  p re s su re  
t ransducers  t o  achieve r e l i a b i l i t y  and N i 6 3  w a s  e l e c t r o p l a t e d  on t h e  
t ransducer  e l ec t rodes  f o r  t h i s  purpose. Experiments were conducted t o  
ga in  confidence i n  t h e i r  r e l i a b i l i t y  o f  t h e  meteoroid experiment. 
A pre l iminary  design of a compatible e l e c t r o n i c  system w a s  completed 
e a r l y  i n  t h i s  i n v e s t i g a t i o n .  This e f f o r t  w a s  terminated i n  favor  of an 
e l e c t r o n i c  sys  tern designed and f a b r i c a t e d  at  Langley Research Center.  
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EVALUATION OF A GAS DISCHARGE TRANSDUCER AND ASSOCIATED INSTRUMENTATION 
NECESSARY FOR THE ASTEROID BE T METEOROID EXPERIMENT 
By C. D. Parker  
Research Tr iangle  I n s t i t u t e  
SECTION I 
INTRODUCTION 
I n  February o r  March of 1972, a s p a c e c r a f t ,  P ioneer  F, w i l l  be  
launched from Cape Kennedy on a voyage t o  t h e  v i c i n i t y  o f  t h e  P l a n e t  
J u p i t e r .  By midsummer, approximately 140 days from Ear th ,  P ioneer  F 
w i l l  e n t e r  the  150 m i l l i o n  mile wide Astero id  B e l t .  P ioneer  F w i l l  
spend approximately 200 days t r a v e r s i n g  t h e  Astero id  B e l t ,  and approach 
wi th in  approximately 80,000 miles of J u p i t e r  between December 1973 and 
March 1974. While P ioneer  F i s  i n  t r a n s i t  t o  J u p i t e r ,  Pioneer  G w i l l  
embark on a similar journey about March of  1973 ( r e f .  1). Both 
Pioneer  P and Pioneer  G w i l l  ca r ry  a Langley Research Center (LaRC) 
experiment designed t o  provide a measure of t h e  dens i ty  of micro- 
meteoroids i n  the  10 g m a s s  range between Earth and J u p i t e r ,  and 
e s p e c i a l l y  i n  t h e  Astero id  B e l t .  The i n v e s t i g a t i o n s  descr ibed i n  t h i s  
r epor t  have been i n  d i r e c t  support  of t hese  two experiments,  t h e  
Meteoroid Experiment For P ioneer  F and Pioneer  G (MEPF/G). 
-9 
The MEPF/G experiment c o n s i s t s  of  a group of  p re s su r i zed  cells 
exposed s o  as t o  impact w i th  meteoroids dur ing  t h e  P ioneer  F/G f l i g h t s .  
Each of t hese  s e a l e d  cells  enc lose  a p res su re  t ransducer  t h a t  func t ions  
through a s soc ia t ed  c i r c u i t r y  t o  provide a count o f  t h e  number of cel ls  
pene t r a t ed .  Figure 1 i s  a s i m p l i f i e d  block diagram of t h e  experiment.  
The p res su r i zed  cells are l o c a t e d  i n  twelve (12) p re s su re  panels  mounted 
on the  back of  t h e  P ioneer  instrument  package, and each panel  is compart- 
mented i n t o  e ighteen  (18) i n d i v i d u a l  cells  e The t ransducer  c i r c u i t r y  
supp l i e s  t he  r equ i r ed  high vo l t age  t o  t h e  t ransducers  provides  a s u i t a b l e  
s i g n a l  t o  the  counters  when a t ransducer  f i r e s  and l i m i t s  power consumed 
by a f i r i n g  t ransducer .  The t i m e  c o n t r o l  counter  func t ions  t o  advance the  
event  counter  by only one count whenever a t r ansduce r  fires and provides  
t i m e  f o r  t h e  t r ansduce r  t o  see a vacuum be fo re  count ing a d d i t i o n a l  f i r -  
i ngs .  The event  counter  is a recyc l ing  counter  t h a t  is  s e r i a l l y  read 
out  t o  t h e  s p a c e c r a f t  by t h e  mul t ip l exe r  upon r e c e i p t  of  t h e  word g a t e  
and b i t  rate commands. The power conve r t e r  receives 28  Vdc from t h e  
s p a c e c r a f t  and s u p p l i e s  the  vol tages  r equ i r ed  by the  experiment.  The 
power conver te r  can be  turned ON and OFF on command from the s p a c e c r a f t .  
Figure 2 is  a photograph of t h e  MEPF/G Design V e r i f i c a t i o n  Unit (DVU) 
a 
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f a b r i c a t e d  a t  LaRC. The 12 panels  of 18 p res su r i zed  cel ls  each are i n  
evidence,  and a l l  of t he  e l e c t r o n i c s  is  loca ted  i n  the'  s i n g l e  c h a s s i s  
box. The p a r t i c u l a r  conf igu ra t ion  of t h e  MEPF/G experiment r e f l e c t s  
l i m i t a t i o n s  on power, weight and s i z e .  Of t h e s e  l i m i t a t i o n s ,  weight is  
t h e  most s i g n i f i c a n t  and l a r g e l y  d i c t a t e d  t h e  o the r  f e a t u r e s  of t h e  
experiment.  The MEPF/G experiments were a l l o t t e d  3 . 9  l b ,  one w a t t  of 
e l e c t r i c  power and t h e  e l e c t r o n i c  package w a s  r e s t r i c t e d  t o  a 3" x 3" 
x 3" cube. Numerous o the r  r e s t r i c t i o n s  and l i m i t a t i o n s  were imposed by 
e x i s t i n g  Pioneer  documents ( r e f .  2 ) .  
A Sequence of Events 
The i n i t i a l  ob jec t ives  of t h i s  p r o j e c t  w e r e  t o  c h a r a c t e r i z e  t h e  
t ransducers  prev ious ly  s e l e c t e d  f o r  t he  MEPF/G experiment and design an 
e l e c t r o n i c  package t o  provide t h e  requi red  readout .  Some c h a r a c t e r i s t i c s  
of t he  t r ansduce r s  w e r e  r e a d i l y  determined and progress  wi th  t h e  elec- 
t r o n i c  des ign  w a s  poss ib l e .  The most s i g n i f i c a n t  c h a r a c t e r i s t i c  of 
t hese  t r ansduce r s ,  however, w a s  an unacceptable  r e l i a b i l i t y ,  and an 
improvement i n  r e l i a b i l i t y  became t h e  most important  cons ide ra t ion  f o r  
t h e  p r o j e c t .  I n v e s t i g a t i o n s  i n t o  t h e  r e l i a b i l i t y  problem requ i r ed ,  
improvements i n  t h e  test  f a c i l i t i e s  and a l t e r a t i o n s  i n  the  t ransducer  
c leaning  and mounting procedures .  A l t e r n a t e  e l e c t r o d e  geometries and 
materials were a l s o  i n v e s t i g a t e d .  Concurrent wi th  these  i n v e s t i g a t i o n s ,  
t h e  gas p re s su r i z ing  t h e  cel ls  w a s  changed t o  accommodate another  exper- 
iment on t h e  s p a c e c r a f t .  This  change r equ i r ed  t h a t  some of t h e  preceding 
c h a r a c t e r i z a t i o n  work be  repea ted .  
The s o l u t i o n  t o  t h e  b a s i c  r e l i a b i l i t y  problem involved t h e  e l e c t r o -  
p l a t i n g  of a r a d i o a c t i v e  material on t h e  t ransducer  e l ec t rodes  and a 
f l i g h t  q u a l i t y  procedure f o r  c leaning ,  p l a t i n g  and counting r a d i o a c t i v i t y  
had t o  b e  evolved. 
The second gas ,  s e l e c t e d  f o r  the  p re s su re  ce l l s  on t h e  b a s i s  of 
d e s i r a b l e  thermal  p r o p e r t i e s ,  u l t i m a t e l y  proved t o  be u n s a t i s f a c t o r y ,  
and t h e  i d e n t i f i c a t i o n  of a s u i t a b l e  p re s su r i z ing  gas became a p r i o r i t y  
ob jec t ive .  
experiment,  and a f i n a l  c h a r a c t e r i z a t i o n  of t h e  t ransducer .  
This  i n v e s t i g a t i o n  l e d  t o  t h e  gas mixture  used i n  t h e  MEPF/G 
Most of t he  f l i g h t  hardware f o r  t h e  MEPF/G experiment were f a b r i c a t e d  
a t  LaRC. The p res su re  pane ls  w e r e  designed and f a b r i c a t e d  wi th  t h e  
b a s i c  t ransducer  purchased as an off-the-shelf  i t e m .  RTI  e l e c t r o p l a t e d  
t h e  t ransducer  e l e c t r o d e s  wi th  a r a d i o a c t i v e  i so tope  of Nickel ,  
N i  . The e l e c t r o n i c  ins t rumenta t ion  f l i g h t  package was designed and 
f a b r i c a t e d  a t  LaRC, 
des ign ,  and a model of t h i s  des ign  w a s  proved t o  be r e l i a b l e  through 
ex tens ive  t e s t i n g .  A power conver te r  r equ i r ed  f o r  t he  experiment w a s  
subcontracted from RTI  t o  Wilmore E l e c t r o n i c s  Company, Durham, N. C .  
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A p a r a l l e l  e f f o r t  a t  RTI  r e s u l t e d  i n  a ve ry  s i m i l a r  
4 
I n  o rde r  t o  expedi te  f a b r i c a t i o n  of t h i s  MEPF/G experiment,  i t  w a s  
necessary t o  make commitments concerning t h e  power conver te r  e a r l y  i n  
the  design e f f o r t .  The vo l t age  t o  b e  supp l i ed  t o  t h e  t ransducers  w a s  
s p e c i f i e d  be fo re  the  f i n a l  p r e s s u r i z i n g  gas w a s  s e l e c t e d ,  and i t  had 
t o  be  changed wi th  each change i n  gas .  
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SECTION I1 
THE MEPF/G EXPERIMENT 
The P res su re  Cells 
The MEPF/G p res su re  cells  are f a b r i c a t e d  a t  LaRC from s h e e t s  of 
1 m i l  and 2 mils s t a i n l e s s  steel .  A 1 m i l  s h e e t  is p laced  over  a 2 
m i l  s h e e t  and t h e  two s h e e t s  are seam-welded toge the r  t o  form the  
1 8  i n d i v i d u a l  cells. Fig. 3 i s  a photograph of  a completed p res su re  
pane l  showing the  18 cells wi th  t ransducers  and wi r ing  i n  p lace .  
Adjacent cells have t ransducer  attachments a t  oppos i te  ends t o  provide 
space  f o r  w i r ing ,  and two fo lds  are symmetrically loca t ed  on the pane l  
f o r  stress r e l i e f .  The t r ansduce r s ,  i l l u s t r a t e d  i n  Fig.  4 and shown 
photographica l ly  i n  Fig. 5, c o n s i s t  of a p a i r  of e l e c t r o d e s  l o c a t e d  i n  
each p res su re  ce l l .  The e l e c t r o d e s  are of t i n - p l a t e d  kovar and set i n  
thermally matched g l a s s .  Fig. 6 i l l u s t r a t e s  t h e  method of mounting t h e  
t ransducer  i n  t h e  p re s su re  ce l l .  
I t  i s  perhaps a misnomer t o  refer t o  these  e l e c t r o d e  assemblies as 
a t ransducer .  The e lec t rode-pressure  ce l l  combination a c t u a l l y  comprises 
a co ld  cathode d ischarge  tube t h a t  " f i r e s "  t o  conduct cu r ren t  under 
favorable  condi t ions .  When t h e  p re s su re  ce l l  i s  f u l l y  p re s su r i zed ,  only 
a n e g l i g i b l e  leakage conduction occurs ,  I f  t h e  c e l l  l eaks  gas t o  a 
surrounding vacuum, as it  would i f  pene t r a t ed  by a micrometeoroid i n  
space,  the  gas p re s su re  w i l l  decrease  u n t i l  t h e  e l e c t r o d e s  can "break- 
down" o r  ' ' f ire ' '  and conduct s i g n i f i c a n t  cu r ren t .  As p re s su re  is  f u r t h e r  
decreased,  t he  conduction w i l l  ex t ingu i sh  and again become n e g l i g i b l e .  
The term t ransducer  w i l l  b e  used i n  t h i s  r epor t  t o  r e f e r  t o  t h e  e lec t rode-  
p re s su re  cel l  combination func t ioning  as a co ld  cathode d ischarge  tube.  
Cold Cathode Discharge Tubes 
The electrical c h a r a c t e r i s t i c s  o f  a co ld  cathode d ischarge  tube  
are a complex func t ion  of  many v a r i a b l e s  inc lud ing  gas p re s su re ;  cathode 
geometry, material and s u r f a c e  condi t ions  ; temperature;  gas p r o p e r t i e s  ; 
and the  amount and type  of  i o n i z i n g  r a d i a t i o n  w i t h i n  t h e  device.  An 
e x c e l l e n t  d i scuss ion  of t h e  cold cathode d ischarge  phenomena can b e  
found i n  Acton and Swif t  ( r e f .  3 ) -  Only those  a spec t s  of t h e  theory 
t h a t  are p e r t i n e n t  to  the  MEPF/G a p p l i c a t i o n  are d iscussed  i n  t h i s  
r e p o r t s  
The I - V  c h a r a c t e r i s t i c  of a cold cathode device wi th  p a r a l l e l  p l a t e  
e l e c t r o d e s  and cons tan t  p re s su re  and temperature is  i l l u s t r a t e d  i n  Fig.  7. 
As vo l t age  is  increased ,  a s m a l l  cu r r en t  f lows due t o  the  mobi l i ty  
of r e s i d u a l  e l e c t r o n s  and p o s i t i v e  ions  i n  t h e  p r e s s u r i z i n g  gas. Resid- 






Figure 4 .  I l l u s t r a t i o n  o f  the  FEPF/G Transducer 
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f o r  example, and are usua l ly  p r e s e n t  i n  any gas.  This  r e s i d u a l  cu r ren t  
appears as segment AB of Fig. 7. A s  vo l tage  i s  f u r t h e r  i nc reased ,  a 
constant  cu r ren t  reg ion ,  segment BC is  reached i n  which a l l  of t h e  
r e s i d u a l  i ons  and e l e c t r o n s  are be ing  c o l l e c t e d  and the  vo l t age  can 
be s i g n i f i c a n t l y  increased  wi thout  any f u r t h e r  i nc reases  i n  cu r ren t .  
Beyond t h i s  cons tan t  cu r ren t  reg ion ,  a cold cathode device may e n t e r  
t h e  Townsend Discharge reg ion  i n  which a r a p i d  inc rease  i n  c u r r e n t  
r e s u l t s  from f u r t h e r  vo l t age  inc reases .  This i nc rease  of cu r ren t  is 
due t o  e l e c t r o n  avalanche; i .e .  , a condi t ion  i n  which a primary elec- 
t r o n  causes f u r t h e r  i o n i z a t i o n  i n  c o l l i s i o n s  wi th  gas atoms. The 
Townsend Discharge reg ion ,  segment CD i n  Fig. 7 ,  is  no t  se l f -main ta in ing  
and conduction w i l l  cease i f  the  source  of t h e  r e s i d u a l  i o n i z a t i o n  is 
removed. 
I f  vo l t age  ac ross  the  e l e c t r o d e s  is increased  t o  t h e  nega t ive  
The vo l t age  a t  which t h i s  
r e s i s t a n c e  reg ion ,  i .e .  beyond D i n  Fig.  7 ,  t h e  cold cathode device 
w i l l  "breakdown" and t h e  gas w i l l  glow. 
occurs  is the  breakdown, s t r i k i n g  o r  f i r i n g  vo l t age  and i s  of  s p e c i a l  
i n t e r e s t  t o  t h e  MEPF/G Experiment. A f t e r  breakdown, t h e  co ld  cathode 
device w i l l  move through t h e  nega t ive  r e s i s t a n c e  region t o  t h e  normal 
glow reg ion ,  segment EF i n  Fig.  7. I n  t h i s  region,  t h e  gas surrounding 
t h e  nega t ive  e l e c t r o d e  glows and t h e  vo l t age  across  t h e  e l e c t r o d e  
reaches a minimum va lue ,  i .e. t h e  running vol tage .  The running vo l t age  
and the cathode s u r f a c e  area covered by t h e  glow varies wi th  t h e  cur- 
r e n t .  A co ld  cathode device ope ra t ing  i n  t h e  glow reg ion  is commonly 
known as a glow tube. Beyond t h e  normal glow region l ies  the  abnormal 
glow region,  segment FG, and the  A r c  Discharge reg ion ,  segment GH. 
The abnormal glow is a permiss ib l e  reg ion  of  ope ra t ion .  It d i f f e r s  
from normal glow i n  t h e  d i s t r i b u t i o n  of t h e  e lectr ic  f i e l d  between 
anode and cathode. 
There are numerous a p p l i c a t i o n s  of co ld  cathode devices  which 
o p e r a t e  t o  t h e  l e f t  of the  f i r i n g  vo l t age  i n  Fig. 7 ,  i .e . ,  t o  t h e  
l e f t  of  D. An important  example is  t h e  Geiger-Muller Counter. Most 
co ld  cathode devices  u t i l i z e  t h e  breakdown and glow reg ions  of  t h e  I -V  
c h a r a c t e r i s  tics h m e v e r ,  as does t h e  MEPF/G experiment a 
The d o t t e d  curves i n  Fig. 7 i l lus t ra te  a mode of ope ra t ion  t h a t  
can occur i f  t h e  i n i t i a l  i o n i z a t i o n  level is s u f f i c i e n t l y  high,  An 
inc reas ing  vol tage  w i l l  cont inue t o  y i e l d  an inc reas ing  cu r ren t  due t o  
the a v a i l a b i l i t y  of r e s i d u a l  i ons  and e l e c t r o n s .  This is an undersir-  
a b l e  mode f o r  t h e  MEPF/G a p p l i c a t i o n  i n  t h a t  a s i g n i f i c a n t l y  g r e a t e r  
leakage c u r r e n t  flows p r i o r  t o  breakdown. 
The I o n i z a t i o n  Cycle. - The breakdown o r  f i r i n g  c h a r a c t e r i s t i c s  
of a cold cathode d ischarge  device  can b e  analyzed i n  terms of  an ion- 
i z a t i o n  cycle .  Consider, f o r  example, a co ld  cathode device wi th  p lane ,  
p a r a l l e l  e l e c t r o d e s ,  a cons tan t  gas p re s su re  and a cons tan t  app l i ed  
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vol tage .  I f  an e l e c t r o n  is produced at t h e  cathode by e x t e r n a l  
i l l umina t ion  o r  a r ad ioac t ive  source ,  f o r  example, i t  w i l l  be  acce ler -  
a t ed  toward the  anode by t h e  e l e c t r i c  f i e l d .  In  t r a n s i t  toward the  
anode, t he  e l e c t r o n  may ob ta in  s u f f i c i e n t  energy t o  cause f u r t h e r  
i o n i z a t i o n  when c o l l i d i n g  wi th  gas atoms o r  molecules.  P o s i t i v e  ions  
thus  c rea t ed  w i l l  be  acce le ra t ed  toward the  cathode and may cause 
secondary emission of e l e c t r o n s  when s t r i k i n g  t h e  cathode. I f  t h e  
energy a t t a i n e d  by the  i o n  is s u f f i c i e n t ,  t h e  secondary emission may 
c o n s i s t  of two e l e c t r o n s ,  f o r  example, one t o  n e u t r a l i z e  the  atom and 
one t o  be  acce le ra t ed  toward t h e  cathode, This process  i s  r e f e r r e d  t o  
as an i o n i z a t i o n  cyc le ,  and t h e  e f f i c i e n c y  of  t h e  process  w i l l  determine 
i f  cu r ren t  i n  a given cold cathode device w i l l  cont inue t o  i n c r e a s e  O K  
i f  the  i o n i z a t i o n  cycle  i s  self-quenching. 
The e f f i c i e n c y  of t h e  i o n i z a t i o n  cycle  can b e  examined by consid- 
e r i n g  several parameters d e s c r i p t i v e  of t h e  cycle .  An important 
parameter i s  the  i o n i z a t i o n  c o e f f i c i e n t  of t h e  p r e s s u r i z i n g  gas , ni ,  
which i s  def ined  as the  number of i o n  p a i r s  c r ea t ed  by an e l e c t r o n  i n  
moving through a p o t e n t i a l  d i f f e r e n c e  of one v o l t  i n  an e l e c t r i c  f i e l d .  
The g r e a t e r  t h e  i o n i z a t i o n  c o e f f i c i e n t ,  t h e  more e f f i c i e n t  the i o n i z a t i o n  
cycle  and t h e  more probable i t  i s  t h a t  cu r ren t  i n  t h e  device w i l l  con- 
t i n u e  t o  inc rease .  The i o n i z a t i o n  c o e f f i c i e n t  i s  a c h a r a c t e r i s t i c  of t h e  
p r e s s u r i z i n g  gas f o r  the  a c c e l e r a t i n g  e l e c t r o n  must a t t a i n  an energy of  
V.  t o  i o n i z e  the  gas atom o r  molecule. The i o n i z a t i o n  c o e f f i c i e n t  a l s o  
varies wi th  t h e  gas p re s su re .  A t  h igh  p res su re  t h e  a c c e l e r a t e d  elec- 
t r o n  w i l l  experience numerous e las t ic  c o l l i s i o n s  and probably w i l l  no t  
a t t a i n  s u f f i c i e n t  energy between t h e s e  c o l l i s i o n s  t o  i o n i z e  a gas atom. 
As p re s su re  is  reduced, r~ w i l l  i n c r e a s e  t o  a m a x i m u m  value and then 
decrease.  The decrease of  n a t  low pressures  i s  due t o  t h e  decreas ing  




A second parameter  of cons iderable  importance i s  the  secondary 
emission c o e f f i c i e n t ,  y ,  which is  def ined  as t h e  number of e l e c t r o n s  
r e l eased  from the cathode p e r  p o s i t i v e  ion  s t r i k i n g  t h e  cathode. It 
i s  a c h a r a c t e r i s t i c  of cathode material, s u r f a c e  condi t ion  and geometry. 
It a l s o  depends upon t h e  e lectr ic  f i e l d  and gas p re s su re .  An e l e c t r o n  
emi t t ed  from t h e  cathode may b e  drawn away by t h e  e l ec t r i c  f i e l d  o r  
r e f l e c t e d  back t o  the  cathode by gas molecules.  
Acton and Swif t  ( r e f ,  3) have examined t h e  i o n i z a t i o n  cyc le  mathe- 
ma t i ca l ly  f o r  t h e  p lane ,  p a r a l l e l  e l e c t r o d e  geometry. From t h e  
d e f i n i t i o n  of t he  i o n i z a t i o n  c o e f f i c i e n t ,  a cu r ren t  of i / e  e l e c t r o n s  
p e r  second w i l l  be  inc reased  by an amount 
i n  pas s ing  through a p o t e n t i a l  d i f f e r e n c e  of 6 V  v o l t s ,  where i i s  t h e  
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e l e c t r o n  c u r r e n t ,  e is  t h e  e l e c t r o n i c  charge and q i s  t h e  i o n i z a t i o n  
c o e f f i c i e n t ,  From the  above equat ion ,  t he  fol lowing can b e  developed: 
i 
d i = i q  d V ,  i 
V 
Rn i = 1 a n i  dV 
0 
V 
i = exp 1 a n i  d V .  
0 
I n  the  p l ane ,  p a r a l l e l  e l e c t r o d e  conf igura t ion ,  ni can be  considered a 
cons tan t  once the  e l e c t r o n s  l eav ing  t h e  cathode have been a c c e l e r a t e d  
enough t o  take  p a r t  i n  t h e  i o n i z a t i o n  cycle .  It is  assumed, t h e r e f o r e ,  
t h a t  n i  i s  zero u n t i l  t h e  e l e c t r o n s  are acce le ra t ed  through V.  v o l t s  
and cons tan t  from t h a t  po in t  t o  t h e  anode, where V .  i s  the  i o n i z a t i o n  




Therefore ,  an e l e c t r o n  cu r ren t ,  i leav ing  t h e  cathode w i l l  arrive at  
t h e  anode as 
k’  
The e l e c t r o n  cu r ren t  con t r ibu ted  by i o n i z a t i o n  pe r  second i s  equal  t o  
the  d i f f e r e n c e  between the  anode and cathode e l e c t r o n  cu r ren t s  p e r  
second and is  given by 
i a k  - i = ik [exp (ni(va - vi>) - 11 e (3) 
A p o s i t i v e  ion  i s  a l s o  c rea t ed  f o r  every e l e c t r o n  c rea ted .  These w i l l  
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flow to  the  cathode and produce a d d i t i o n a l  e l e c t r o n s  through secondary 
emission. These secondary e l e c t r o n s  are given by 
where y i s  the secondary emission c o e f f i c i e n t  of  t h e  cathode. 
Equations (3) and ( 4 )  provide f o r  an a n a l y s i s  of t he  i o n i z a t i o n  
cycle .  
t i m e ,  t. Af te r  a t i m e ,  
i o n i z a t i o n ,  a p o s i t i v e  ion  cu r ren t  of  
Consider an e l e c t r o n  c u r r e n t g  i k ( t ) ,  l eav ing  t h e  cathode a t  
te 3 k t he  average t i m e  f o r  i ( t )  t o  produce 
w i l l  flow toward t h e  cathode. Af t e r  a t i m e ,  t t h i s  p o s i t i v e  i o n  
cu r ren t  w i l l  s t r i k e  the  cathode and cause an e l e c t r o n  cu r ren t  of  
i’ 
t o  leave the  cathode. Thus, the  e l e c t r o n  cu r ren t  of i ( t )  a t  t i m e ,  t ,  
has  caused a cu r ren t  a t  t i m e  ( t  + t e 
k 
+ t i )  o f  
Observing t h a t  ti>>te9 and t h a t  exp n . ( V  - Vi) >> 1, E q .  (5) can be i a  
approximated by 
This is  the  most fundamental r e l a t i o n s h i p  i n  t h e  theory of t h e  cold 
cathode devices .  I f  
and i f  
E s s e n t i a l l y  s t a t e d ,  t h e  cathode cu r ren t  i nc reases  o r  decreases  wi th  t i m e  
as y exp ni(Va - V.) i s  g r e a t e r  o r  less than u n i t y ,  r e spec t ive ly .  I f  
1 
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c u r r e n t  w i l l  n e i t h e r  i nc rease  o r  decrease.  This  is def ined  as t h e  
maintenance condi t ion.  
To f u r t h e r  cons ider  t h e  breakdown o r  f i r i n g  of a co ld  cathode 
device ,  i t  i s  necessary  t o  cons ider  v a r i a t i o n s  i n  rl and y e  Since y 
remains n e a r l y  cons tan t  f o r  a given gas-cathode conf igura t ion ,  var ia -  
t i o n s  i n  y wi th  vo l t age  and p res su re  can be  reasonably neglec ted .  This 
is no t  t he  case wi th  nie 
has  been found t o  inc rease  r ap id ly  at a c e r t a i n  va lue  of cu r ren t  dens i ty  
(approximately d / c m  (ref. 3 1 ~  This i n c r e a s e  r e s u l t s  from a 
d i s t o r t i o n  of t h e  e lec t r ic  f i e l d  by t h e  space charge of t h e  p o s i t i v e  
ions  i n  the  c u r r e n t  stream. An i n c r e a s e  i n  rl means t h a t  a lower va lue  
of  V is r equ i r ed  t o  m e e t  the  cu r ren t  maintenance condi t ion  i n  E q .  ( 7 ) .  
i 




Assume, f o r  example, t h a t  a slowly i n c r e a s i n g  vo l t age  i s  appl ied  
ac ross  the  e l e c t r o d e s  of  the  co ld  cathode device.  A t  l o w  va lues  of V a s  
and the  device w i l l  no t  f i r e .  
w i l l  be  reached such t h a t  
A s  Va cont inues t o  i n c r e a s e ,  a condi t ion  
and t h e  e l e c t r o n  cu r ren t  w i l l  i nc rease ,  I f  cu r ren t  cont inues t o  i n c r e a s e ,  
as i t  w i l l  i f  n e i t h e r  y ,  rli no r  V 
cu r ren t  w i l l  be  reached and t h e  device w i l l  avalanche i n t o  breakdown. I n  
f a c t ,  e x t e r n a l  c i r c u i t r y  m u s t  b e  used t o  prevent  a cold cathode device 
from des t roying  i t s e l f .  ( In  p r a c t i c e ,  a series r e s i s t o r  i s  usua l ly  
employed t o  cause a decrease i n  V a 
decreases ,  t h e  cri t ical  va lue  of  a 
when t h e  cu r ren t  i nc reases . )  
From t h e  preceding d i scuss ion ,  i t  is  ev ident  t h a t  an i d e a l  condi t ion  
is f o r  t h e  maintenance condi t ion  t o  be m e t  when t h e  cu r ren t  dens i ty  is 
s m a l l  and ni is  inc reas ing  wi th  cur ren t .  I f  t hese  condi t ions  are m e t ,  
t he  cold cathode device w i l l  avalanche i n t o  t h e  normal glow reg ion  
(assuming proper  use of e x t e r n a l  c i r c u i t r y )  and is  s a i d  t o  have f i r e d .  
I t  i s  the f i r i n g  of t h e  device t h a t  is  e x p l o i t e d  by the MEPF/G experi-  
ment. External c i r c u i t r y  i s  used t o  cause t h e  device t o  cease conducting 
o r  turn-off r a t h e r  than remain, i n  t h e  normal glow region. 
When t h e  maintenance condi t ion  o f  Eq. (7)  i s  m e t ,  condi t ions  are 
such t h a t  t h e  cold cathode device can f i r e  and t h e  vol tage  across  the  
e l e c t r o d e s  i s  c a l l e d  the  f i r i n g  vol tage ,  V f o  An equat ion f o r  t h e  f i r i n g  
1 4  
f vo l t age  can be  obta ined  from Eq. (7) by s e t t i n g  t h e  V equal  t o  V a 
and s o l v i n g  f o r  V f :  
t h e r e f o r e ,  
1 1 V = V . + - R n - -  
f 1 'li Y 
Equation ( 8 )  is u s e f u l  i n  t h a t  values  of 17 and Rn l / y  have been tabu- 
l a t e d  i n  var ious  texts f o r  c e r t a i n  gases and cathodes.  (See,  f o r  
example, r e f .  3) e These t a b u l a t i o n s  correspond t o  p a r a l l e l  p l a t e  
geometries,  however, and do no t  y i e l d  acceptab le  values  f o r  t h e  MEPF/G 
con f i g u r a t i o n  e 
i 
I n  Eq.  (8), t he  i o n i z a t i o n  p o t e n t i a l  of t he  gas ,  Vi, is a cons tan t  
and the  secondary emission c o e f f i c i e n t ,  y ,  is  a proper ty  of t h e  cathode 
and the  p o s i t i v e  ion  s t r i k i n g  t h e  cathode. The i o n i z a t i o n  c o e f f i c i e n t ,  
n i ,  varies wi th  gas p re s su re  and has  a maximum va lue ,  
t h a t  qi a l s o  v a r i e s  w i t h  c u r r e n t  dens i ty  is of no consequence when con- 
s i d e r i n g  the  f i r i n g  vol tage.)  When ni  i s  a maximum value, t h e  s t r i k i n g  
vol tage  reaches a minimum value ,  V f m 9  given by 
(The f a c t  'ma 
1 1 = V . - i - - k n - .  'fin 1 nm Y 
Paschen C h a r a c t e r i s t i c s .  - Paschen's l a w  states t h a t  f o r  a given 
gas and cathode material, the  f i r i n g  vo l t age  of a p a r a l l e l  p l a t e ,  co ld  
cathode device depends upon t h e  product of  gas p re s su re  and e l e c t r o d e  
s e p a r a t i o n ,  i . e . ,  
Vf = f ( P d  Y 
where p is  the  gas p re s su re  and x is  the  s e p a r a t i o n  between t h e  e lec-  
t rodes .  P l o t s  of V versus (px) are c a l l e d  Paschen curves,  and these  
c h a r a c t e r i s  tics are u s e f u l  t o  t h e  MEPF/G experiment .I Experimentally 
determined Paschen c h a r a c t e r i s t i c s  of t h e  MEPF/G t ransducer  w i t h  numer- 
ous gases were used t o  select  the  p r e s s u r i z i n g  gas. Since t h e  e l e c t r o d e  
spacing w a s  con t ro l l ed  wi th in  s p e c i f i e d  limits by sc reen ing  p r a c t i c e s  
Paschen curves f o r  t h e  MEPF/G t ransducers  w e r e  p l o t t e d  wi th  only  p re s su re  
on t h e  absc i s sa .  Numerous examples are included i n  t h i s  r e p o r t .  
f 
Equation (9) states t h a t  t h e  f i r i n g  vol tage  minimum is independent 
of e l e c t r o d e  s e p a r a t i o n ,  and Paschen 's  l a w  shows t h e  f i r i n g  v o l t a g e  t o  
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depend upon the  product of p re s su re  and sepa ra t ion .  It is  concluded, 
t h e r e f o r e ,  t h a t  v a r i a t i o n s  i n  t h e  e l e c t r o d e  spac ing  w i l l  no t  change the 
minimum f i r i n g  vo l t age ,  b u t  only change t h e  p re s su re  a t  which i t  occurs .  
Paschen curves can b e  represented  by t h e  equat ion 
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where B i s  an empi r i ca l  constant  chosen t o  g ive  t h e  b e s t  f i t  between 
Vf - 2 Vfm and Vf = 4 Vfm ( r e f  3) e 
Eq. ( l o ) ,  can b e  considered a Figure-of-Merit f o r  the  purposes of  t h e  
MEPF/G experiment s i n c e  a high va lue  of B corresponds t o  a f i r i n g  vo l t age  
above t h e  minimum value  a 
The empi r i ca l  cons t an t ,  B ,  i n  
Figure 8 illustrates the  Paschen c h a r a c t e r i s t i c s  of a hypo the t i ca l  
gas a t  both room and l i q u i d  n i t r o g e n  (LN ) temperature.  Two p o i n t s  are 
def ined  i n  Fig. 8 t h a t  are c r i t i c a l l y  important i n  t h e  s e l e c t i o n  of  a 
p r e s s u r i z i n g  gas f o r  t h e  MEPF/G experiment. 
is  t h e  s e a l i n g  p res su re  at room temperature ,  i t  i s  cr i t ical  t h a t  t h e  
vo l t age  app l i ed  t o  these  t ransducers  no t  exceed t h e  f i r i n g  vo l t age  
corresponding t o  864 mm Hg a t  room temperature.  (Fabr i ca t ion  of  
t h e  MEPF/G p res su re  pane ls  i s  s i g n i f i c a n t l y  s i m p l i f i e d  i f  t h e  gas pres- 
s u r e s  s e a l e d  i n t o  t h e  cells  is approximately one atmosphere.) Figure 8 
i l lustrates a s i g n i f i c a n t l y  d i f f e r e n t  Paschen c h a r a c t e r i s t i c  at  LN2 
temperature.  It  is  l i k e l y  t h a t  gas dens i ty  is a more real is t ic  absc i s sa  
f o r  t he  Paschen c h a r a c t e r i s t i c ,  however, and gas dens i ty  i n  t h e  s e a l e d  
p res su re  cells does not  change appreciably wi th  temperature.  (Some 
re fe rences  sugges t  us ing  dens i ty  f o r  p re s su re  whenever temperature  
v a r i a t i o n s  m u s t  be  considered.)  Regardless o f  whether o r  no t  t h e  a c t u a l  
Paschen c h a r a c t e r i s t i c s  change wi th  d e n s i t y ,  a v a l i d ,  worst-case i n t e r -  
p r e t a t i o n  of a c r i t i ca l  h igh  vo l t age  is t o  select t h e  lower va lue  of 
Vf corresponding t o  864 mm Hg on the  room temperature  curve o r  Vf 
corresponding t o  2 2 2  mm Hg on t h e  LN temperature  curve. (A panel  
s e a l e d  a t  864 mm Hg at room temperature and cooled t o  LN2 temperature 
w i l l  have a p res su re  of 222  mm Hg.) The lower va lue  of t h e s e  two vol- 
tages  is de f ined  as V and is an upper bound on t h e  vol tage  t h a t  can 
be  app l i ed  t o  the  MEPF/G t ransducers .  A second c r i t i c a l  vo l t age  cor res -  
ponds t o  t h e  minimum f i r i n g  vo l t age ,  Vloo on t h e  LN2 temperature curve. 
It is c r i t i ca l  t h a t  t h e  vo l t age  app l i ed  t o  t h e  MEPF/G t ransducers  always 
s t a y  wi th in  these  bounds. As a matter of good engineer ing  p r a c t i c e ,  i t  
is d e s i r a b l e  t h a t  the p r e s s u r i z i n g  gas have Paschen c h a r a c t e r i s t i c s  wi th  
a l a r g e  d i f f e r e n c e  between V h i  
provide f o r  a reasonable  s a f e t y  margin w i t h i n  these  bounds, 
2 
Since 16.7 p s i a  (864 mm Hg) 
2 
h i  
and Vlo9 and t h a t  t he  power supply vol tage  
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F igure  8. A Hypothet ical  Paschen Curve 
E lec t rode  Spacing 
Paschen's l a w ,  as s t a t e d  by Eq. 10,  sugges ts  t h a t  Vhi can be  
inc reased  wi thout  changing t h e  m i n i m u m  f i r i n g  vo l t age  by i n c r e a s i n g  
the  e l e c t r o d e  spacing.  
t h i s  p r i n c i p l e  t o  shape the  c h a r a c t e r i s t i c s  of  t h e  MEPF/G t ransducer ,  
The geometry of t h e  t ransducer  l i m i t s  t h e  s e p a r a t i o n  t h a t  can be  
achieved. Po l i cy  and good engineer ing  p r a c t i c e  r e q u i r e  t h a t  t h e  pres-  
s u r e  cells (and t r ansduce r  housing) b e  at ground p o t e n t i a l ,  and one of 
t h e  e l e c t r o d e s  is a l s o  a t  ground p o t e n t i a l .  
geometry is  t o  remain symmetrical ,  t h e  34 m i l  spac ing  shown i n  Fig. 4 
is n e a r  a maximum. 
decrease  t h e  approximately 35 mils electrode-housing spacing. 
Severa l  problems are encountered when applying 
I f  t h e  two e l e c t r o d e  
Any inc rease  i n  the  spac ing  between e l ec t rodes  w i l l  
17  
It i s  of i n t e r e s t  t o  t he  MEPF/G experiment t o  cons ider  how the  
e l e c t r i c  f i e l d  between t h e  two e l e c t r o d e s  v a r i e s  wi th  sepa ra t ion .  The 
e l e c t r i c  f i e l d  must a c c e l e r a t e  f r e e  e l e c t r o n s  t o  an energy l e v e l  suf-  
f i c i e n t  t o  cause a d d i t i o n a l  gas  i o n i z a t i o n  be fo re  a f i r i n g  event  can 
occur .  For a given gas d e n s i t y  (and mean-free-path), t h e  higher  t h e  
e l e c t r i c  f i e l d ,  t h e  more probable  i t  is t h a t  an e l e c t r o n  can a t t a i n  t h e  
energy necessary f o r  i o n i z a t i o n .  S i g n i f i c a n t  phys i ca l  i n s i g h t  i n t o  t h e  
n a t u r e  of t h e  e lec t r ic  f i e l d  between t h e  e l ec t rodes  can be  gained by 
cons ider ing  t h e  fol lowing i d e a l i z e d  geometry. 
twb long,  p a r a l l e l  conducting c y l i n d e r s  is  a c lass ical  problem i n  many 
texts  ( r e f .  4 ) .  The e lec t r ic  p o t e n t i a l  and g rad ien t  w i l l  be  a maximum 
a long  a l i n e  pass ing  between two such cy l inde r s ,  Along t h i s  l i n e ,  t h e  
e lectr ic  p o t e n t i a l  i s  given by 
The e lec t r ic  f i e l d  between 
n 
where 
(x-a) ' vo 
2 '  Rn 4 =  
4 C0sh-l (d/R) (x+a) 
a =  9 
Vo = Voltage between t h e  e l e c t r o d e s ,  
2d = spacing between the  e l e c t r o d e  c e n t e r s ,  
R = r a d i u s  of t h e  two e l e c t r o d e s ,  and 
x = d i s t a n c e  between t h e  midpoint of t h e  l i n e  segment 
connecting t h e  e l e c t r o d e  c e n t e r s  and t h e  po in t  
i n  ques t ion .  
The e lec t r ic  f i e l d ,  E ,  is  obta ined  by d i f f e r e n t i a t i n g  Eq. (11).  
d4 a Vo 1 
dx 
E = - =  
2 2  Cosh-' (d/R) (x -a ) 
By s e t t i n g  the  d e r i a t i v e  of Eq. (12) t o  zero ,  i t  i s  observed t h a t  t h e  
minimum va lue  of t he  e lec t r ic  f i e l d  occurs  a t  x = 0 (centered  exac t ly  
between t h e  e l e c t r o d e s )  and is given by 
(13) - vo - -  
Emin a Cosh-' d/R 
The maximum value  of t h e  e lec t r ic  f i e l d  occurs  a t  the  e l e c t r o d e s  and i s  
c a l c u l a t e d  by so lv ing  Eq. (12) wi th  x = d - R. 
va lues  of t he  e l e c t r i c  f i e l d  have been ca l cu la t ed  f o r  va lues  of Vo, d 
and R corresponding t o  the  geometry of t h e  MEPF/G Transducers.  These 
r e s u l t s  are p l o t t e d  i n  Fig.  9 f o r  Emax and Emin where a b s c i s s a  i s  
t h e  sepa ra t ion  of t h e  i n s i d e  s u r f a c e  of t h e  e l e c t r o d e s  o r  2d - 2R, 
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average va lue  is simply t h e  vo l t age  d iv ided  by t h e  sepa ra t ion  and f a l l s  
between the  maximum and minimum values  i n  each case, These curves 
i l l u s t r a t e  t h a t  a l t e r i n g  the e l e c t r o d e  spac ing  can have a s i g n i f i c a n t  
e f f e c t  i f  t h e  spac ing  i s  s m a l l ,  b u t  is of  less s i g n i f i c a n c e  as spac ing  
i s  increased .  I t  i s  concluded t h a t  t h e  s l o p e  of t h e  Paschen curves can 
be  inc reased  by i n c r e a s i n g  t h e  s e p a r a t i o n  between t h e  e l e c t r o d e s ,  bu t  
t h e  s e p a r a t i o n  is n e a r  optimum i n  t h e  MEPF/G t ransducer .  
t i o n  on the  o r d e r  of 30 mils, f o r  example, t h e r e  is l i t t l e  to  b e  gained 
by f u r t h e r  i nc reases .  Following s e c t i o n s  of t h i s  r epor t  w i l l  support  
t hese  conclusions wi th  experimental  r e s u l t s  
With separa-  
Gas Mixtures.  - When a mixture  of gases is  used i n  a cold cathode 
tube,  t h e  f i r i n g  mechanism can become s i g n i f i c a n t l y  more involved. The 
e f f e c t s  of  some mixtures are such t h a t  minute traces of t h e  second gas 
can completely change the  Paschen c h a r a c t e r i s t i c s  of a cold cathode 
TABLE I 
METASTABLE ENERGIES (V ) AND FIRST I O N I Z A T I O N  m 
ENERGIES (v,) OF SEVERAL ELEMENTS* 
Element 
H e  
N e  
A 
K r  


























From 1)  Acton and Swi f t ,  COLD CATHODE DISCHARGE TUBES (Ref. 3) 
2) Cobine, GASEOUS CONDUCTORS ( R e f .  5 
3) REFERENCE DATA FOR RADIO ENGINEERS, 4 th  Ed. ( R e f .  6 )  
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tube.  Consequently, i t  is  impera t ive  t h a t  h igh  p u r i t y  gases and clean 
techniques be used i n  f a b r i c a t i n g  t h e  NEPF/G p res su re  ce l l  s i n c e  
impur i t i e s  can e a s i l y  c o n s t i t u t e  a trace q u a n t i t y  of  a second gas ,  
The i o n i z a t i o n  cyc le  d iscussed  i n  a preceding s e c t i o n  of  t h i s  
r e p o r t  r equ i r ed  t h a t  an e l e c t r o n  a t t a i n  s u f f i c i e n t  energy t o  i o n i z e  a 
gas atom i n  o r d e r  f o r  f i r i n g  t o  occur .  A second mechanism is  p o s s i b l e  
i n  some gas mixtures ,  i .e . ,  an atom of  one gas can be ion ized  by a 
metas tab le  atom of t h e  second gas. The i o n i z a t i o n  c o e f f i c i e n t  of such 
a mixture  is  inc reased  and t h e  f i r i n g  vo l t age  is  s i g n i f i c a n t l y  decreased. 
Gas mixtures  i n  which t h i s  f i r i n g  mechanism occurs  are c a l l e d  Penning 
mixtures ,  and t h e  lowering o f  t h e  i o n i z a t i o n  c o e f f i c i e n t  i s  c a l l e d  the  
Penning e f f e c t .  Table I t a b u l a t e s  i o n i z a t i o n  and metas tab le  ene rg ie s  
f o r  numerous gases and is  u s e f u l  i n  p r e d i c t i n g  t h e  p r o p e r t i e s  of c e r t a i n  
mixtures.  H e l i u m  and neon are examples of  gases t h a t  are l i k e l y  t o  
become Penning mixtures  i f  o t h e r  gases  are p resen t  s i n c e  t h e i r  m e t a -  
s t a b l e s  are capable  of i o n i z i n g  most o f  t h e  gases i n  Table I. I n  a 
c o l l i s i o n  between a metas tab le  of one gas and an atom of t h e  second, t h e  
p r o b a b i l i t y  of an i o n i z i n g  event  occur r ing  inc reases  as t h e  d i f f e r e n c e  
between t h e  p o t e n t i a l  ene rg ie s  be fo re  and a f t e r  t h e  c o l l i s i o n  decreases .  
Refer r ing  again t o  Table  I ,  a 16.6 e V  neon metas tab le  i s  more l i k e l y  t o  
create a 15.6 e V  argon ion  than a 13.5 e V  krypton ion .  
There are o t h e r  important  mechanisms t h a t  occu r  i n  gas mixtures  
t h a t  i n f luence  t h e  f i r i n g  and/or  glow c h a r a c t e r i s t i c s  of  cold cathode 
tubes,  b u t  none of  t h e s e  were of s i g n i f i c a n c e  t o  t h e  MEPF/G experiment.  
Tes t ing  Considerat ions.  - Most of  t h e  experimental  d a t a  t o  be 
p re sen ted  i n  t h i s  r e p o r t  w e r e  determined wi th  the  c i r c u i t  of Fig.  10. 
I n  t h i s  c i r c u i t  t h e  c a p a c i t o r  charges t o  t h e  power supply vo l t age  through 
t h e  10 ohm r e s i s t o r ,  R1. When the  t ransducer  is  caused t o  f i r e ,  the  
cathode d ischarges  through the  t r ansduce r ,  R 
p u l s e  is  a v a i l a b l e  across  R The amplitude of t h e  read-out p u l s e  and 
t h e  output  impedance of the  c i r c u i t  are r e a d i l y  a d j u s t a b l e  wi th  R and 
R3' 
Af t e r  the c a p a c i t o r  d i scharges ,  t h e  t ransducer  ceases t o  conduct 
due t o  t h e  c u r r e n t  l i m i t i n g  r o l e  of R This c i r c u i t  w a s  designed t o  
l i m i t  power d i s s i p a t i o n  by prevent ing  a t r ansduce r  from glowing and is 
e s s e n t i a l l y  i d e n t i c a l  t o  the  c i r c u i t  t o  be flown on t h e  MEPF/G. Fac tors  
which in f luenced  the  design of  t h i s  c i r c u i t  o t h e r  than power r e s t r i c t i o n s  
are weight r e s t r i c t i o n s  and c e r t a i n  p r o p e r t i e s  o f  t h e  t ransducers  coupled 
wi th  P ioneer  ground. Weight l i m i t a t i o n s  n e c e s s i t a t e d  p l ac ing  many of 
t h e  p re s su re  t ransducers  i n  p a r a l l e l  s o  as t o  l i m i t  t h e  w i r e s  t o  be  run 
from the  e l e c t r o n i c  package (Power Converter)  t o  t h e  t ransducers .  A 
l a r g e  va lue  of R w a s  necessary  t o  l i m i t  power d i s s i p a t i o n ,  and the  
p a r a s i t i c  capac i tance  of t h e  w i r e s  t o  t h e  t ransducer  w a s  s u f f i c i e n t  t o  
7 
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cause the  c i r c u i t  t o  o s c i l l a t e .  The vo l t age  p o l a r i t y  of Fig.  10 r e f l e c t s  
t h e  f a c t  t h a t  the  t ransducer  housing and one e l e c t r o d e  i s  a t  ground 
p o t e n t i a l ,  and i t  is  d e s i r a b l e  t h a t  t h e  second e l e c t r o d e  be  nega t ive  s i n c e  
the  e lec t r ic  f i e l d  w i l l  be  g r e a t e r  t he re ,  
The t r ansduce r  test f a c i l i t y  w a s  a l t e r e d  f requent ly  t o  f a c i l i t a t e  
d i f f e r e n t  types of  tests. B a s i c a l l y ,  t h e  conf igura t ion  i n d i c a t e d  i n  
Fig. 11 w a s  used i n  most tests. It provided f o r  c o n t r o l l i n g  t h e  pres-  
s u r e  and temperature  of t h e  t ransducers  under test .  
Experiments wi th  Helium 
Helium w a s  o r i g i n a l l y  s p e c i f i e d  as the  p r e s s u r i z i n g  gas f o r  t h e  
MEPF/G experiment. H e l i u m  w a s  a reasonable  choice.  It i s  chemically 
i n e r t ,  has  a b o i l i n g  temperature  below n i t r o g e n  ( t h e  s p e c i f i e d  low 
temperature  f o r  t h e  experiment) ,  has  a s m a l l  atom s o  as t o  more r e a d i l y  
l e a k  through a s m a l l  h o l e  and a hel ium leak is  e a s i l y  de t ec t ed .  The 
metas tab le  and i o n i z a t i o n  ene rg ie s  of  helium shown i n  Table I i n d i c a t e  
t h a t  any number of i m p u r i t i e s  i n  helium could prove troublesome, b u t  
high-puri ty  gas and u l t r a -c l ean  procedures were t o  b e  used. 
S a t i s f a c t o r y  Paschen curves were n o t  ob ta ined  wi th  helium although 
hundreds of f i r i n g s  were recorded. P l o t s  of  f i r i n g  vol tages  versus 
p r e s s u r e  y i e l d e d  such a random d i s t r i b u t i o n  of  d a t a  p o i n t s  t h a t  a 
Paschen curve could no t  b e  f i t t e d  t o  t h e  da ta .  Even more d i s t u r b i n g  
w e r e  numerous f a i l u r e s - t o - f i r e  and e l imina t ing  t h i s  u n r e l i a b i l i t y  
became the p r o j e c t s  most p r e s s i n g  problem. I n  a cont inuing e f f o r t  t o  
improve t h e  r e l i a b i l i t y  of t h e  he l ium- f i l l ed  t ransducer ,  t h e  tes t  
f a c i l i t y  w a s  improved by c a r e f u l  upgrading c l e a n l i n e s s ,  and t h e  elec- 
t rode  geometry and f i n i s h  were a l t e r e d .  These changes d i d  n o t  a l ter  
t h e  experimental  r e s u l t s ,  
The i n t r o d u c t i o n  of an i n i t i a l  i o n i z a t i o n  source  completely so lved  
the  f a i l u r e - t o - f i r e  problem. N o  f a i l u r e s  w e r e  ever observed when a m C i ,  
Co60 source  w a s  unsheathed i n  t h e  v i c i n i t y  o f  a t ransducer  under test .  
The use o f  r a d i o a c t i v i t y  w a s  t o  be avoided except as a last r e s o r t ,  
however, t o  avoid c o n f l i c t  wi th  t h e  P ioneer  s p e c i f i c a t i o n s  l i m i t i n g  i t s  
use a 
While the  u n r e l i a b i l i t y  o f  t he  helium t r ansduce r  w a s  s t i l l  a 
pending problem, helium w a s  banned as a p r e s s u r i z i n g  gas f o r  t h e  MEPF/G 
experiment a 
w a s  s e n s i t i v e  t o  helium and thus  incompatible  wi th  helium as a pressur -  
Another experiment scheduled f o r  t h e  P ioneer  F/G f l i g h t s  
i z i n g  gas. I n  r e t r o s p e c t ,  i t  is  l i k e l y  t h a t  
even tua l ly  forced  t h e  abandonment of neon as 
a l s o  have been ev ident  i n  helium. 
An "approximate" Pas chen c h a r a c t e r i s t i c  
w i th  helium i s  shown i n  Fig. 12 ,  This curve 
t h e  d i f f i c u l t i e s  t h a t  
a p r e s s u r i z i n g  gas would 
f o r  t h e  MEPF/G t ransducer  




Figure 10. Transducer Circuit.ry 
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60 f i r i n g s  a t  500 v o l t s ,  When a Co i o n i z a t i o n  source  w a s  used, helium- 
f i l l e d  t ransducers  w e r e  observed t o  f i r e  a t  about 600 mmHg and continued 
t o  f i r e  u n t i l  t h e  p re s su re  reduced t o  less than 7 mmHg. Without Co 
helium t ransducers  w e r e  observed t o  f i r e  a t  vo l t ages  between t h e s e  end 
po in t s .  Other  p o i n t s  f o r  t h i s  curve w e r e  deduced from a r e v i e w  of  much 
data .  
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Figure  13, is  a series of osci l lograms showing t h e  output  of t h e  
t ransducers  c i r c u i t r y  f o r  a he l ium- f i l l ed  t ransducer  f i r i n g  at var ious  
p re s su res .  These are " f i r s t "  f i r i n g  events  and t h e  waveforms are a l l  
similar. Figure 1 4  inc ludes  t h r e e  osci l lograms taken during a s i n g l e  
pressure- lowering event .  F i r s t  is t h e  i n i t i a l  f i r i n g ,  and t h e  o t h e r s  
were taken at lower p re s su res  as t h e  t ransducer  cont inued t o  o s c i l l a t e .  
Experiments w i t h  Neon 
Neon w a s  chosen t o  r ep lace  hel ium as a p r e s s u r i z i n g  gas p r imar i ly  
because of i t s  thermal  p r o p e r t i e s  e Pioneer  s p e c i f i c a t i o n s  r e q u i r e  t h a t  
t he  MEPF/G panels  func t ion  a t  LN2 temperature  (-195OC), and neon and 
helium are t h e  only rare gases w i t h  lower b o i l i n g  po in t s  than n i t rogen .  
A t  the  t i m e  neon w a s  Se l ec t ed ,  t he  p re s su re  w a s  t o  be  25 PSIA. 
The i o n i z a t i o n  and metas tab le  energy levels t a b u l a t e d  i n  Table I 
sugges t  t h a t  neon is l i k e l y  t o  be very s e n s i t i v e  t o  many i m p u r i t i e s ,  
and i t  is e s p e c i a l l y  l i k e l y  t o  i n t e r a c t  w i th  n i t r o g e n  and argon. It  
w a s  assumed t h a t  high-puri ty  gas and c lean  procedures would prec lude  
any d i f f i c u l t i e s  wi th  impur i t i e s .  When neon w a s  f i r s t  used, t h e  reli- 
a b i l i t y  o r  f a i l u r e - t o - f i r e  problem a s s o c i a t e d  w i t h  helium experiments 
s t i l l  e x i s t e d  and precluded o t h e r  i n v e s t i g a t i o n s  e Several approaches 
t o  so lv ing  t h e s e  f a i l u r e s  inc lude  a l t e r a t i o n s  t o  t h e  e l e c t r o d e  geometry 
and f i n i s h .  Two of t h e  conf igu ra t ions  t r i e d ;  i .e . ,  the  U-shaped and 
spa rk  plug geometr ies ,  are i l l u s t r a t e d  i n  Fig. 15. Other e f f o r t s  t o  
enhance r e l i a b i l i t y  w a s  t o  amalgamate t h e  t i n - p l a t e  wi th  mercury. 
Among o t h e r  p r o p e r i t e s  mercury is e a s i l y  ion ized .  Generally speaking,  
t h e s e  ac t ions  produced only minor improvements and no s a t i s t i c a l l y  
s i g n i f i c a n t  s ta tements  can be  made about t h e  r e s u l t s .  F a i l u r e s  con- 
t inued  t o  occur  f requent ly .  A s  wi th  hel ium the  use of a r a d i o a c t i v e  
material w a s  demonstrated t o  b e  a s o l u t i o n  t o  t h e  r e l i a b i l i t y  problem. 
8 
Nickel-63. - A thorough i n v e s t i g a t i o n  i n t o  t h e  r e l i a b i l i t y  problem 
demonstrated t h a t  a r a d i o a c t i v e  material t o  provide  i n i t i a l  i o n i z a t i o n  
w a s  the  only s u i t a b l e  means of achiev ing  r e l i a b i l i t y  i n  t h e  MEPF/G 
t ransducers .  A s u i t a b l e  i s o t o p e  w a s  s e l e c t e d  i n  view of t h e  fol lowing 
criteria: 
1 )  The h a l f - l i f e  of t h e  s e l e c t e d  i s o t o p e  m u s t  b e  long  
s o  as t o  i n s u r e  an adequate a c t i v i t y  throughout 
t h e  mission. (Ground s t o r a g e  p lus  t r a n s i e n t  t i m e  
t o  J u p i t e r  extends t h e  mission t i m e  t o  more than 
f i v e  yea r s  
25 
200 
Vertical S c a l e :  2 v/can 
Horizontal S c a l e  : 1 &/cm 
B = 400 V 
Figure 13. Oscillograms of First F i r i n g  Events  in Helium 
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0 .5  mS/div. 
18 mrnHg 
0.5VIdiv. 
0 .5  mS/div. 
V = 500 V 
Figure 1 4 .  Oscillograms o f  t h e  Transducer C i r c u i t r y  Output 
a t  Various Pressures  During a S ing le  Pressure-  
Lowering Event,  
2 7  
Figure 15 An I l l u s t r a t i o n  of t h e  U-Shaped and Spark-Plug Geometries 
2 )  The range of t h e  p a r t i c l e  emi t ted  must b e  such as 
t o  pose no hazard t o  ground personnel  and long 
relative t o  i n t e r e l e c t r o d e  spacing.  
3) A s t a b l e  daughter i s  d e s i r a b l e  i n  t h e  i n t e r e s t  of 
s i m p l i c i t y ,  and 
4 )  The material m u s t  be  a v a i l a b l e  i n  a convenient form, 
compatible wi th  t h e  experiment. 
Addi t iona l ly  Pioneer  s p e c i f i c a t i o n s  imposed t h e  r e s t r i c t  i ons  t h a t  
( r e f .  2 ) :  
1)  No gamma emitters be used, 
2) t h a t  t h e  par t ic le  emission energy not  exceed 7 MeV, and 
3) t h a t  t h e  t o t a l  a c t i v i t y  level not  exceed 1 u C i *  
R e s t r i c t i o n s  on t h e  t o t a l  a c t i v i t y  requi red  t h a t  each of t he  216 
28 
t ransducers  i n  the  experiment use less than 1/216 'or 0.00463 1-1 C i ,  and 
inc reases  t h e  importance of s e l e c t i n g  an i s o t o p e  wi th  a convenient,  
c o n t r o l l a b l e  form. A t  t h e  t i m e  t h i s  s e l e c t i o n  w a s  made the  p o s s i b i l i t y  
of using 16 panels  wi th  18 ce l l s  each e x i s t e d ,  and t h e  r a d i o a c t i v i t y  
level w a s  l i m i t e d  t o  0.00341 1-1 C i  p e r  c e l l  t o  provide f o r  t h a t  
p o s s i b i l i t y .  
Nickel-63 w a s  s e l e c t e d  from a t a b u l a t i o n  of i so topes  as the  most 
s u i t a b l e  f o r  t he  MEPF/G experiment ( r e f .  7). It has  a h a l f - l i f e  of 92 y e a r s ,  
is  a b e t a  emitter wi th  a decay of  6 7  keV, a s u i t a b l e  range of approxi- 
mately f i v e  cm i n  a i r  and one-half m i l  i n  copper,  and a s t a b l e  daughter  
(Cu ) It poses no problem r e l a t e d  t o  h e a l t h  hazards  o r  AEC r egu la t ions .  
A most important  a t t r i b u t e  is  t h a t  i t  can be  e a s i l y  e l e c t r o p l a t e d  on 
the  t ransducers  e l e c t r o d e s  i n  p r e c i s e l y  con t ro l l ed ,  minute q u a n t i t i t e s  e 
63 Appendix A d iscusses  t h e  N i 6 3  p l a t i n g  process  and summarizes t h e  N i  
p r o p e r t i e s  e Appendix B d i scusses  the h e a l t h - r e l a t e d  aspec ts  of using 
N i  . 
63 
63 
The dec i s ion  t o  use N i 6 3  followed t h e  completion of an experiment 
designed t o  demonstrate the  n e c e s s i t y  of an i n i t i a l  source  of i o n i z a t i o n .  
The experiment cons i s t ed  of a comparison of N i 6 3  p l a t e d  t ransducers  w i t h  
t ransducers  us ing  t h e  spark-plug geometry and spark-plug t ransducers  
wi th  Hg amalgamated on t h e  e l e c t r o d e s .  Neon w a s  t he  p r e s s u r i z i n g  gas 
and the  experiments w e r e  conducted a t  LN temperature .  These th ree  
groups of t ransducers  w e r e  mounted and cleaned,  and t h e  test  f a c i l i t y  
w a s  thoroughly cleaned and f lushed  wi th  the  p r e s s u r i z i n g  gas.  Bas i ca l ly  
2 
the s t e p s  of 
1) 
3) 
t h e  experiment w e r e  as fol lows:  
Each test cell  w a s  p re s su r i zed  t o  25 PSIA and cooled 
t o  LN2 temperature.  
determined by s e t t i n g  the  vol tage  ac ross  t h e  elec- 
t rodes  t o  525 V and slowly reducing t h e  pressure .  I f  
the  tube f a i l e d  t o  f i r e ,  t h e  vo l t age  w a s  i nc reased  i n  
50 V s t e p s  and t h e  process  repea ted  u n t i l  t h e  tube  d i d  
f i r e .  
The i n i t i a l  f i r i n g  vol tage  w a s  
A f t e r  t h e  i n i t i a l  f i r i n g  vol tage  w a s  recorded,  each 
t ransducer  w a s  s t o r e d  a t  25 PSIA, 525 V and LN t e m -  
p e r a t u r e  f o r  one hour.  Af t e r  t h e  one hour i n t e r v a l ,  
each unit w a s  exe rc i sed  by s lowly reducing t h e  pres -  
s u r e  t o  a vacuum and monitoring t h e  u n i t  f o r  a f i r i n g  
event .  This procedure w a s  repea ted  f i v e  t i m e s .  
2 
Following the  one-hour i n t e r v a l  tes t  o f  Step 2 ,  t h e  
procedure w a s  continued except  the s t o r a g e  i n t e r v a l  
29 
w a s  i nc reased  t o  t h r e e  hours .  These three-hour 
i n t e r v a l  tests were repea ted  ten  times. 
I n i t i a l  F i r i n g  
Volt ages 
(Volts)  
4) Following t h e  three-hour i n t e r v a l  tests of S tep  3,  
t h e  tests were cont inued,  wi th  t h e  N i 6 3  p l a t e d  
u n i t s  on ly ,  f o r  per iods  of 1 2 ,  24 and 48  hours .  
One-Hour 3-Hour 
I n t e r v a l s  I n t e r v a l s  
( F i r i n g I T r i a l s )  
The results of t h e s e  tests, summarized i n  Table 11, demonstrate t h e  
r e l i a b i l i t y  of  t he  N i 6 3  p l a t e d  u n i t s  and t h e  u n r e l i a b i l i t y  o f  t he  o the r s .  
25/25 
(100%) 
A second f a c t o r  ev iden t  from these  tests is  t h e  decrease i n  t h e  
percentages of s u c c e s s f u l  f i r i n g s  as t h e  s t o r a g e  i n t e r v a l  is increased.  
This decrease w a s  ev iden t  i n  a q u a l i t a t i v e  sense  p r i o r  t o  t h i s  experi-  
ment and is  the  reason d i f f e r e n t  t i m e  i n t e r v a l s  were included.  A 
r e l a t e d  observa t ion  w a s  r e c e n t l y  r epor t ed  by Wollan, e t  a1 ( r e f .  7). 
They r epor t ed  a rise wi th  t i m e  i n  t h e  s t r i k i n g  vol tage  of a cold cathode 
device l e f t  at a given gas p re s su re .  They observed a rise of approxi- 
mately 40 V i n  fou r  hours and approximately 100 V i n  t en  hours .  When 
a r a d i o a c t i v e  source  w a s  added t o  provide i n i t i a l  i o n i z a t i o n ,  t h e  vol tage  
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A p o t e n t i a l  problem wi th  the  use of N i 6 3  i s  t h a t  b e t a s  l eav ing  t h e  
cathode and a r r i v i n g  at the  anode c o n s t i t u t e  a leakage cur ren t  i n  t h e  
MEPF/G t ransducers .  A worst-case cons idera t ion  of  t h i s  f a c t o r  i s  t o  
assume t h a t  all t he  emission of  one 1-1 C i  of  N i 6 3  con t r ibu te s  t o  t h e  
leakage cu r ren t ,  From t h e  d e f i n i t i o n  of  a c u r i e  and an ampere, one 
can show t h e  leakage cu r ren t  t o  be a n e g l i g i b l e  6 x A. 
The add i t ion  o f  t h e  N i 6 3  p l a t i n g  on t h e  t ransducer  probes solved 
the  f a i l u r e - t o - f i r e  problem and enabled progress  wi th  t h e  t ransducer  
c h a r a c t e r i z a t i o n  e f f o r t .  The f i r s t  gas i n v e s t i g a t e d  wi th  t h e  N i  
p l a t e d  t ransducers  w a s  neon. Besides helium,neon w a s  t h e  only rare gas 
wi th  a b o i l i n g  po in t  below n i t rogen ,  and n i t r o g e n  w a s  known t o  have a 
r e l a t i v e l y  h igh  minimum f i r i n g  vol tage .  
6 3  
The experimental  r e s u l t s  inc luded  i n  t h i s  s e c t i o n  w e r e  determined 
i n  the t r ansduce r  c i r c u i t r y  of Fig. 1 0 ,  and t h e  t e s t  apparatus  w a s  
similar t o  t h a t  of Fig.  11. The low temperature d a t a  w e r e  ob ta ined  by 
submerging t h e  t r ansduce r  i n  LN 
demonstrate t h a t  the gas i n  t h e  t ransducer  a c t u a l l y  reached LN tempera-  
t u re .  Re fe r r ing  t o  Fig.  11, argon w a s  used t o  p r e s s u r i z e  t h e  manifold 
between V1, V 2 ,  V and t h e  p re s su re  monitor.  When V w a s  opened t o  4 2 
allow the  gas t o  flow t o  t h e  t r ansduce r ,  t h e  manifold p re s su re  dropped 
t o  200 mmHg abso lu te  which is approximately t h e  vapor p re s su re  o f  argon 
a t  LN temperature  (-195OC). When more gas w a s  added t o  t h e  manifold,  
t h e  p re s su re  remained cons t a n t  . 
and an experiment w a s  conducted t o  
2 
2 '  
2 
Neon Paschen Curves. - Many t ransducers  were t e s t e d  i n  neon t o  de te r -  
mine t h e i r  Paschen c h a r a c t e r i s t i c s .  The i n i t i a l l y  encouraging r e s u l t s  
were n o t  r epea tab le ,  however, and t h e  i n v e s t i g a t i o n  of t r ansduce r  char- 
acteristics en te red  a new phase,  i . e . ,  s t a b i l i z i n g  t h e  t ransducer  became 
t h e  most important  ob jec t ive .  The obvious,  f i r s t  approach w a s  t o  ensure  
t h a t  t he  gas-pressure ce l l - t r ansduce r  system w a s  n o t  contaminated, and 
every e f f o r t  w a s  made i n  t h i s  regard.  A cons idera t ion  of  t h e  metas tab le  
and i o n i z a t i o n  energ ies  i n  Table I i l l u s t r a t e s  t h a t  neon i s  s e n s i t i v e  t o  
contamination. Traces of argon i n  neon i s  a very s e r i o u s  contaminant,  
f o r  example, and even 5 ppm w i l l  s i g n i f i c a n t l y  lower the  f i r i n g  vol tage  
a t  h ighe r  p re s su res .  Refer r ing  aga in  t o  Table I ,  s e v e r a l  contaminants 
o t h e r  than  argon could be  s e r i o u s  i n  neon. Add i t iona l ly ,  e l e c t r o -  
nega t ives  such as f l u o r i n e ,  oxygen o r  ch lo r ine ,  f o r  example, are usua l ly  
s e r i o u s  s i n c e  t h e i r  a f f i n i t y  f o r  e l e c t r o n s  tends t o  i n t e r r u p t  t h e  
i o n i z a t i o n  cycle .  
The l a c k  of  s t a b i l i t y  o r  r e p e a t a b i l i t y  wi th  neon- f i l l ed  t ransducers  
emphasizes t h a t  no t y p i c a l  Paschen curve can be presented  i n  t h i s  r epor t .  





















































v i  
b.4 
32 
are acceptab le  f o r  t h e  MEPF/G ob jec t ives .  
curves w e r e  p l o t t e d  from neon experimental  d a t a ,  and i t  appeared t h a t  
neon would be a s u i t a b l e  gas. The Vhi and V 
Fig. 8, corresponding t o  Fig.  16 are 600 v o l t s  and 300 v o l t s ,  r e spec t ive ly .  
(The s e a l i n g  p res su re  w a s  t o  be 1290 mmHg o r  25 PSIA a t  room temperature . )  
Many equa l ly  good o r  b e t t e r  
vo l t ages ,  as def ined  i n  
l o  
The d i f f i c u l t y  wi th  neon is i l l u s t r a t e d  i n  several of t he  fol lowing 
f igu res .  F igure  1 7 ,  f o r  example, inc luded  Paschen curves f o r  a s i n g l e  
t ransducer  as determined over  a pe r iod  of several days. A t  t h e  s e a l i n g  
p res su re  of 1290 mmHg, t h e  f i r i n g  vo l t ages  d i f f e r  by approximately 300 
v o l t s .  There is no c o r r e l a t i o n  between t h e  o rde r  of  t h e  curves and t i m e .  
The one curve t h a t  is  a rlcross-overr '  (def ined  by t h e  square  symbol) i s  
an anomaly t h a t  occurred f r equen t ly  wi th  neon. 
Figures  18, 19 and 20 are inc luded  t o  f u r t h e r  i l l u s t r a t e  t he  r e s u l t s  
achieved wi th  neon. I n  each of t h e s e  f i g u r e s ,  d a t a  po in t s  ob ta ined  
during a s i n g l e  experiment and used t o  def ine  one of t h e  curves are iden- 
t i f i e d .  Other d a t a  p o i n t s ,  which could de f ine  o t h e r  curves ,  are inc luded  
as t r i a n g l e s .  These a d d i t i o n a l  curves are not  inc luded  s o  as t o  avoid 
c l u t t e r .  I n  genera l ,  t h e s e  d a t a  w e r e  taken on s e p a r a t e  occasions,  
spanning days o r  weeks of t i m e .  
Figure 18 inc ludes  a d d i t i o n a l  Paschen curve d a t a  f o r  t h e  t ransducer  
of Fig. 16.  These, t o o ,  are s e p a r a t e  da t a .  Note t h a t  V is  approxi- 
mately 300 V ,  a va lue  observed throughout t h e  neon experimental  e f f o r t .  
Vhi v a r i e d  from t r ansduce r  t o  t r ansduce r  and from experiment t o  experi- 
ment. 
shown i n  Fig. 19 and Fig.  20 are a l s o  neon Paschen curve d a t a  taken under 
similar condi t ions .  I n  these  d a t a ,  V is again about 300 V and V i s  
400 V i n  one case and 500 V i n  t h e  o t h e r .  The neon Paschen curves p l o t t e d  
i n  Fig. 2 1  are very similar t o  those  of  t h e  preceding f i g u r e s ,  b u t  t he  
d a t a  w e r e  taken approximately four  months la ter .  
about 300 V ,  and Vhi i s  about 450 V. 
l o  
From the  d a t a  i n  Fig,  18, Vhi i s  approximately 390 V. The d a t a  
l o  h i  
A s  be fo re ,  Vlo i s  
Data f o r  numerous neon Paschen curves on each of  numerous t ransducers  
w e r e  determined during these  i n v e s t i g a t i o n s  e Any of  t h e  curves presented  
could be  considered as t y p i c a l .  The c r i t i ca l ,  minimum f i r i n g  vo l t age ,  
i s  approximately 300 V ,  and V w a s  found t o  vary s i g n i f i c a n t l y  wi th  v lo  h i  
va lues  from about 380 V t o  about 600 V ,  The most f requent  va lue  f o r  V 
w a s  between 400 and 500 Volts .  Acceptably high values  f o r  Vhi occurred 
f r equen t ly  enough t o  encourage the  cont inued i n v e s t i g a t i o n  i n t o  neon as 
a p r e s s u r i z i n g  gas a The observed v a r i a t i o n s  would have been acceptab le  
i f  t he  "median" h igh  va lue  had no t  been too low. 
on page 1 7  as use fu l  f igures-of-meri t . )  
h i  











































































































































































































































Power Supply Voltage.  - I n  o rde r  t o  m e e t  Design V e r i f i c a t i o n  Unit 
(DVU) de l ive ry  schedules ,  i t  became necessary  t o  s p e c i f y  a power supply 
vo l t age  f o r  the t ransducers  wh i l e  neon w a s  s t i l l  be ing  cha rac t e r i zed  
as a p r e s s u r i z i n g  gas. The vo l t age  s p e c i f i e d  had t o  account f o r  reason- 
a b l e  power supply v a r i a t i o n s  and provide f o r  an adequate s a f e t y  margin 
w i t h i n  t h e  V 
f r equen t ly  measured t o  b e  an unacceptably low value.  Vlo w a s  w e l l  
def ined  as 300 V. The power supply vo l t age  w a s  s p e c i f i e d  as 375 v o l t s .  
This  provided f o r  + 10% v a r i a t i o n  i n  t h e  unregula ted  power supply,  f o r  
example, p l u s  a saTety margin of 38 V. 
minimum value  i n  v i e w  o f  t h e  va lue  of V 
375 V p l u s  10% p lus  10  v o l t s  t o  account f o r  t h e  i n d u c t i v e  s p i k e  on the  
t ransformer  r e q u i r e d - a  V vo l t age  of at l ea s t  422 V, p lus  some s a f e t y  
margin. Measured va lues  of  500 V o r  more w e r e  n o t  uncommon, and i t  w a s  
f e l t  t h a t  Vhi could even tua l ly  b e  f i x e d  n e a r  o r  above t h a t  value.  
and Vlo limits. A t  the t i m e ,  Vhi w a s  n o t  def ined  and h i  
It w a s  f e l t  t h a t  t h i s  w a s  a 
On t h e  high vo l t age  s i d e ,  l o  
h i  
Materials and Techniques. - Contamination w a s  judged t o  b e  t h e  most 
l i k e l y  cause f o r  t h e  observed v a r i a t i o n s  i n  t h e  neon t r ansduce r s ,  and 
every e f f o r t  w a s  extended t o  e l imina te  contaminants a The t ransducers ,  
housings and test apparatus  were cleaned f r equen t ly ,  thoroughly and by 
a v a r i e t y  of techniques.  
the  f a b r i c a t i o n ,  and epoxies  were s u b s t i t u t e d  f o r  so lde r .  None of  t hese  
e f f o r t s  y i e l d e d  a s i g n i f i c a n t  improvement. I n  f a c t ,  i t  is  s u b j e c t i v e l y  
concluded t h a t  as more care and a t t e n t i o n  w a s  given t o  e l i m i n a t i n g  every 
source  of contaminants,  t h e  measured va lues  of Vlo tended to  b e  more 
c o n s i s t e n t l y  low. It  is  l i k e l y  t h a t  t h e  b e s t  materials and techniques 
l e f t  trace q u a n t i t i e s  of contaminants i n  t h e  neon gas such that  t h e  
Penning e f f e c t  i n f luenced  t h e  t ransducer  c h a r a c t e r i s t i c s .  I t  is known 
t h a t  10 ppm of argon i n  neon is  a s e r i o u s  contamination and w i l l  s i g -  
n i f i c a n t l y  al ter i t s  f i r i n g  c h a r a c t e r i s t i c s .  The threshold  f o r  argon 
and o t h e r  contaminants are no t  known. Some n i t r o g e n  w a s  i n  t h e  neon 
gas ,  and Table I sugges ts  t h a t  n i t r o g e n  may a l s o  b e  a s e r i o u s  contaminant 
f o r  neon. An a n a l y s i s  from one of  t h e  neon gas b o t t l e s  used i n  t h e s e  
experiments is  as fol lows:  
D i f f e ren t  s o l d e r s  and f luxes  were t r i e d  i n  
H e l i u m  < 2 ppm 
Nitrogen < 4 ppm 
Oxygen < 1 ppm 
Hydrogen < 0.5 ppm 
Carbon Diaxi.de < 0.5 ppm 
Hydrocarbon < 0.5 ppm 
Dew P o i n t  < 105'F 
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I n  add i t ion  t o  a l t e r i n g  the  t ransducer  geometry as descr ibed  i n  
an eariler paragraph, t h e  cathode w a s  a l t e r e d  i n  both material and 
f i n i s h  i n  an e f f o r t  to  s t a b i l i z e  the  c h a r a c t e r i s t i c s  of t h e  MEPF/G 
t ransducer  wi th  neon. 
kovar  f i n i s h ,  and e l e c t r o p l a t e d  wi th  both copper and gold. None of 
t h e s e  a c t i o n s  s i g n i f i c a n t l y  a l t e r e d  o r  s t a b i l i z e d  t h e  t ransducer .  
The e l ec t rodes  were e tched  t o  expose a smoother, 
Several d i f f e r e n t  e lec t r ica l  connections t o  t h e  MEPF/G t ransducers  
were i n v e s t i g a t e d  as shown i n  Fig. 22. C h a r a c t e r i s t i c s  f o r  t h e  connec- 
t i o n s  i l l u s t r a t e d  i n  (1) and (2)  were e s s e n t i a l l y  i d e n t i c a l .  Vhi w a s  
s l i g h t l y  reduced f o r  t h e  connection i n  ( 3 ) ,  and s t i l l  f u r t h e r  reduced 
f o r  t he  connection i n  ( 4 ) .  The connection i l l u s t r a t e d  i n  (2)  i s  used 
by MEPF/G experiment and y i e l d s  t h e  most d e s i r a b l e  r e s u l t s  e 
Experiments w i th  Sealed Units .  - I n  add i t ion  t o  t h e  neon Paschen 
curves presented  earlier i n  t h i s  s e c t i o n ,  numerous experiments were 
conducted wi th  t ransducers  which w e r e  s e a l e d  i n  p re s su re  cells .  Many 
of t hese  cells w e r e  f a b r i c a t e d  by simply f i l l i n g  t h e  t ransducer  housing 
wi th  gas and s e a l i n g  t h e  ends of t h e  f i l l  tubes .  Some were so lde red  
t o  copper tub ing  and o t h e r s  were s e a l e d  i n  MEPF/G p res su re  cells a t  
LaRC. The method of mounting and s e a l i n g  d i d  not  i n f luence  experimental  
r e s u l t s .  These cells  w e r e  s e a l e d  a t  d i f f e r e n t  pressures  (most were 
s e a l e d  at 1290 mm Hg) and room temperature and t e s t e d  over  long per iods  
of t i m e  by f i x i n g  t h e  temperature and inc reas ing  t h e  app l i ed  vol tage  
u n t i l  a f i r i n g  event  occurred. The conclusions t o  b e  drawn from these  
numerous f i r i n g  events  are: 1) t h a t  s i g n i f i c a n t  v a r i a t i o n s  occur  be- 
tween neon u n i t s  f a b r i c a t e d  i n  t h e  l abora to ry  under i d e n t i c a l  condi t ions ,  
2)  a given t ransducer  can change s i g n i f i c a n t l y  over  a pe r iod  of t i m e ,  
and 3) the  va lue  of  Vhi f o r  many of these  u n i t s  are unacceptably low. 
Some experimental  r e s u l t s  w i th  s e a l e d  p res su re  cells  are i l l u s -  
t r a t e d  i n  Table I11 f o r  t h r e e  t ransducers  f i r i n g  a t  LN temperatures.  
These are t y p i c a l  i n  t h a t  l a r g e  v a r i a t i o n s  w e r e  observed i n  most of 
t hese  u n i t s  w i th  t i m e .  The f i r i n g  vol tages  are not  s i g n i f i c a n t l y  corre- 
l a t e d  with t i m e ,  i . e . ,  t h e  last  f i r i n g  observed f requent ly  compared 
favorably  wi th  t h e  f i r s t .  Some h i g h e r  and lower f i r i n g s  w e r e  observed i n  
o t h e r  t ransducers ;  o f t e n  i n  a s i n g l e  t ransducer .  Many of t hese  s e a l e d  
cells  w e r e  opened f o r  i n spec t ion  and later r e sea l ed  t o  f i r e  c o n s i s t e n t l y  
a t  lower vol tages .  Transducers 501 and 504 ,  f o r  example, c o n s i s t e n t l y  
f i r e d  a t  high vol tages .  When opened, cleaned and r e sea l ed ,  they tended 
t o  f i r e  lower vol tages .  Leaking cells w e r e  e a s i l y  de tec ted .  When 
immersed i n  LN t h e i r  f i r i n g  vol tages  inc reased  t o  a high value s i n c e  2’ 
n i t r o g e n  leaked  i n t o  t h e  cells. 
2 
Experiments wi th  the  s e a l e d  u n i t s  provided an oppor tuni ty  t o  
i n v e s t i g a t e  the  f i r i n g  vol tage  v a r i a t i o n s  wi th  temperature at a cons tan t  
40 
Figure 22. E l e c t r i c a l  Connections f o r  t h e  MEPF/G Transducers 
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TABLE I11 
A SUMMARY OF EXPERIMENTAL RESULTS WITH SEALED TRANSDUCERS 
Transducer Nos 
62 7 62 8 --625 
High F i r i n g  Voltage 450 5 30 7 80 
Low F i r i n g  Voltage 290 340 3 70 
Medium F i r i n g  Voltage 3 70 4 30 5 80 
Average F i r i n g  Voltage 36 0 450 590 
Number  of Samples 104 72 84 
2 '  gas dens i ty ,  "Typical" f i r i n g  vol tages  of s e a l e d  t ransducers  a t  LN 
room and + 225'F temperatures are 300 V ,  400 V and 500 V ,  r e spec t ive ly .  
It is important  t o  observe t h a t  the  f i r i n g  vo l t age  of a s e a l e d  t r ans -  
ducer i nc reases  w i t h  temperature.  
Conclusions e - The Paschen c h a r a c t e r i s t i c s  of MEPF/G t ransducers  
wi th  neon as a p r e s s u r i z i n g  gas are unacceptable f o r  t h e  MEPF/G experi-  
ment. The occas iona l  good r e s u l t s  l e d  t o  an extended i n v e s t i g a t i o n  
i n t o  the  c h a r a c t e r i s t i c s  of  t h e  t ransducer  wi th  neon. A s  t hese  inves-  
t i g a t  i ons  con t inued  , experiment a1 r e s u l t s  more cons is t e n t  l y  r e f  l e  c t ed  
a low value f o r  V It is  probable t h a t  contaminants had a de t r imenta l  h i  * 
e f f e c t  t o  t h e  neon t ransducers .  I t  w a s  concluded t h a t  a more s t a b l e  
t ransducer  wi th  a c o n s i s t e n t l y  high va lue  f o r  V w a s  e s s e n t i a l  t o  t h e  
experiment and o t h e r  gases should be  i n v e s t i g a t e d  i n  t h e  i n t e r e s t  of 
achieving t h i s  goal .  I f  contaminants were respons ib le  f o r  t h e  undesir-  
ab le  c h a r a c t e r i s  t ics of t h e  neon t ransducers ,  i t  is  l i k e l y  t h a t  s i m i l a r  
of g r e a t e r  contamination would r e s u l t  i n  a product ion environment. 
h i  
Experiments With Other Gases 
As i n v e s t i g a t i o n s  i n t o  o t h e r  gases began, i t  w a s  decided t o  seek  
a gas such t h a t  t he  i n i t i a l  room temperature s e a l i n g  pressure  would be 
reduced and thus  ease some f a b r i c a t i o n  problems wi th  the  MEPF/G pres- 
s u r e  cells. The p res su re  f i n a l l y  s e l e c t e d  w a s  16.7 PSIA o r  865 mmHg 
Nitrogen. - Nitrogen w a s  f i r s t  i n v e s t i g a t e d  as a replacement gas 
Its b o i l i n g  poinf is s a t i s f a c t o r y ,  of course,  f o r  LN2 f o r  neon. 
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temperature.  Paschen curves f o r  t h e  MEPF/G t ransducer  wi th  n i t rogen  
are shown i n  Fig. 23. These curves r e s u l t  from several experiments on 
f i v e  d i f f e r e n t  t ransducers .  For an i n i t i a l  p re s su re  of 865 nnnHg, V h i  
is  g r e a t e r  than  1000 V and Vlo is  approximately 500 V. These r e s u l t s  
show t h a t  n i t rogen  could be  used, b u t  i t  w a s  d e s i r a b l e  t o  provide f o r  
a lower va lue  of V l o  * 
The osc i l lograms of Fig. 24 show t h e  vo l t age  output  from t h e  
t r ansduce r  c i r c u i t  of Fig.  10 f o r  a t y p i c a l  n i t rogen  t ransducer .  These 
were obta ined  by s e t t i n g  t h e  vo l t age  t o  the  va lue  i n d i c a t e d  and lowering 
the  p re s su re  u n t i l  a f i r i n g  event  occurred.  The gas w a s  a t  room 
temperature 
Resul t s  from another  i n t e r e s t i n g  experiment performed wi th  n i t r o g e n  
are shown i n  Fig.  25. Paschen curves were determined a t  room tempera- 
t u r e  wi th  four  d i f f e r e n t  t ransducers  i n  which t h e  e l e c t r o d e  s e p a r a t i o n  
w a s  a parameter.  The e l e c t r o d e s  were arranged wi th  1 0 ,  1 6 ,  20 and 32 
m i l  spac ings .  The curve corresponding t o  10 m i l s  i s  s i g n i f i c a n t l y  lower 
than the  o the r s .  However, t h e r e  is  l i t t l e  d i f f e r e n c e  i n  the  t ransducers  
wi th  sepa ra t ions  of  16 m i l s  o r  g rea t e r .  These r e s u l t s  were p r e d i c t a b l e  
from t h e  curves of  Fig. 9 which shows e l e c t r i c  f i e l d  v a r i a t i o n s  wi th  
e l e c t r o d e  spacing.  
Argon. - A room temperature Paschen curve f o r  argon is  shown i n  
Fig. 26. Argon w a s  no t  s e r i o u s l y  considered as a p r e s s u r i z i n g  gas s i n c e  
i ts  b o i l i n g  po in t  is  above t h a t  of n i t rogen .  A t  LN temperature ,  t h e  
argon l i q u i f i e s  and p res su re  drops t o  200 mmHg, t h e  vapor p re s su re  of 
argon at LN temperature.  A gas t h a t  l i q u i f i e s  is  unsu i t ab le  f o r  t h e  
MEPF/G p res su re  ce l l  s i n c e  gas t h a t  condenses o u t  on t h e  w a l l s  of t h e  
p re s su re  cel l  cannot p lay  a r o l e  i n  t h e  i o n i z a t i o n  cycle .  
2 
2 
Mixtures of  Neon and Nitrogen. - Mixtures of neon and n i t r o g e n  
w e r e  i n v e s t i g a t e d  as a p r e s s u r i z i n g  gas s i n c e  t h e  b o i l i n g  p o i n t s  of 
t hese  mixtures  w e r e  below t h a t  of n i t rogen .  It w a s  observed t h a t  even 
s m a l l  q u a n t i t i e s  of  n i t rogen  i n  neon would s i g n i f i c a n t l y  al ter t h e  
f i r i n g  c h a r a c t e r i s t i c s  of  the t ransducer .  Paschen curves f o r  50% neon/ 
50% n i t rogen  and 75% neon/25% n i t rogen  mixtures are shown i n  F igs .  27 
and 28, r e spec t ive ly .  
400 V and Vhi is g r e a t e r  than 1000 V.  For t h e  75%/25% mixture o f  
Fig. 28, Vlo is approximately 375 V and V 
Oscil lograms of t h e  vo l t age  output  of t h e  t r ansduce r ' s  c i r c u i t r y  f o r  
t hese  two mixtures  are shown i n  Fig. 29. It w a s  concluded from these  
r e s u l t s  t h a t  neon/ni t rogen mixtures  are s u i t a b l e  f o r  p r e s s u r i z i n g  the  
MEPF/G t ransducer ,  However, due t o  p r i o r  d i f f i c u l t i e s  wi th  neon, 
i n v e s t i g a t i o n s  i n t o  o t h e r  gases w e r e  continued, 
For t h e  50%/50% mixture ,  Vlo is  approximately 
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Vf = 500 V 
P = 80 d g  
Vertical Sca le :  1 V / c m  
Hor izonta l  Scale: 0.5 mS/cm 
Figure 24., Oscillograms of  Transducer F i r i n g s  w i t h  Nitrogen 
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50% Neon-SO% Nitrogen 
Vf = 500 V 
P = 18 mmHg 
LN Temperature 2 
75% Neon-25% Nitrogen 
Vf = 500 V 
LN 2 Temperature 
P = 2% mmtIg 
Vertical Sca le  : 2V/ cm 
Horizontal Scale :  0.5 m S / m  
Figure 29. Oscillograms of Transducer F i r ings  w i t h  
Neon-Nit rogen Gas Rix tures  
50 
Mixtures of Argon and Nitrogen.  - Concurrent wi th  t h e  i n i t i a l  
i n v e s t i g a t i o n s  i n t o  neon-nitrogen mixtures ,  argon-nitrogen mixtures  
were a l s o  considered as a p r e s s u r i z i n g  gas ,  Mixtures wi th  75% o r  
less of argon have an adequately low b o i l i n g  p o i n t  s o  as n o t  t o  
l i q u i f y  i f  t h e  i n i t i a l  s e a l i n g  p res su re  at room temperature i s  865 mmHg 
o r  less. I n i t i a l  experimental  r e s u l t s  w i th  argon-ni trogen mixtures are 
i l l u s t r a t e d  i n  Figs .  30 and 31. (These d a t a  were taken wi th  t h e  same 
t ransducers  t h a t  were used f o r  t h e  neon-nitrogen mixtures of Figs .  27 
and 28.)  These experiments w e r e  conducted using t h e  c i r c u i t r y  and test  
f a c i l i t y  prev ious ly  descr ibed  by applying a f i x e d  vo l t age  t o  t h e  t r ans -  
ducer c i r c u i t r y  and lowering the  p re s su re  u n t i l  a f i r i n g  event occurred.  
Care w a s  exe rc i sed  i n  keeping the  p a r t i a l  p re s su re  of argon low such 
t h a t  i t  would no t  condense i n  t h e  p re s su re  cell .  
of argon is  200 mmHg at LN2 temperature.)  
(The vapor p re s su re  
Paschen curves f o r  a mixture  of 50% argon-50% n i t rogen  are s h m  i n  
Fig. 30, and f o r  a 75% argon-25% n i t r o g e n  mixture  i n  Fig.  31. I n  bo th  
cases, 
approximately 400 V ,  and f o r  t h e  75%/25% mixture  i t  is approximately 
375V. Oscil lograms of t he  output  of t he  t ransducer  c i r c u i t r y  of  Fig.  10 
f o r  argon-nitrogen mixtures are e s s e n t i a l l y  i d e n t i c a l  t o  those  f o r  t he  
neon-nitrogen mixtures shown i n  Fig.  29. On t h e  b a s i s  of t h e s e  r e s u l t s ,  
t h e  75% argon-25% n i t rogen  mixture w a s  s e l e c t e d  f o r  t h e  MEPF/G experiment. 
A c h a r a c t e r i z a t i o n  program w a s  s t a r t e d  wi th  t h i s  mixture  t o  ga in  confi-  
dence t h a t  i t  w a s  s a t i s f a c t o r y  f o r  t he  MEPF/G experiment.  
i s  g r e a t e r  than 1000 V. For t h e  50%/50% mixture ,  Vlo is  'hi 
During t h i s  i n i t i a l  i n v e s t i g a t i o n  i n t o  argon-nitrogen mixtures ,  t h e  
e l e c t r o d e  spac ing  experiment conducted previous ly  wi th  n i t r o g e n  w a s  
repea ted  wi th  s imilar  r e s u l t s .  
lower curve,  bu t  t h e  o t h e r  curves were n e a r l y  i d e n t i c a l .  
The 10 m i l  spac ing  y i e l d e d  a s l i g h t l y  
With the  s e l e c t i o n  of  a new p r e s s u r i z i n g  gas ,  i t  w a s  necessary  t o  
again change t h e  h igh  vol tage  s p e c i f i e d  f o r  t h e  power converter .  It 
w a s  changed back t o  the  o r i g i n a l  525 V; however, p a r t  s e l e c t i o n  and 
sc reen ing  procedures complicated t h e  change. These problems w i l l  be  
d iscussed  la te r  i n  t h i s  r epor t  e 
The Argon-Nitrogen Mixtures 
Following the  s e l e c t i o n  of a 75% argon-25% n i t r o g e n  mixture  f o r  
t h e  MEPF/G p res su re  cel ls ,  an ex tens ive  experimental  program w a s  
c a r r i e d  o u t  t o  f u r t h e r  demonstrate t h a t  t h i s  mixture  w a s  s a t i s f a c t o r y  
and t o  gain confidence i n  i ts  s t a b i l i t y .  Numerous Paschen curves were 
determined a t  room and LN temperatures ,  and wi th  s e v e r a l  gas mixtures  
t h a t  w e r e  v a r i e d  about t he  75%/25% mixtures  s p e c i f i e d .  Addi t iona l ly ,  
t hese  mixtures w e r e  d e l i b e r a t e l y  doped wi th  a i r  i n  o r d e r  tQ eva lua te  
the  r e s u l t  of an inadve r t en t  l e a k  dur ing  the  f i l l i n g  process .  
2 
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5 3  
It i s  of i n t e r e s t  t o  b r i e f l y  consider  t h e  thermal p r o p e r t i e s  of 
the 75%-25% mixture .  The n i t rogen ,  of course,  w i l l  no t  l i q u i f y  a t  
LN temperature.  I f  the  s e a l i n g  p res su re  a t  room temperature i s  865 2 
mmHg, the  p a r t i a l  p re s su re  of n i t rogen  is 25% of t h a t  f i g u r e ,  o r  216 
mmHg. temperature o r  -195OC, t h e  p a r t i a l  p re s su re  of  n i t rogen  
is  f u r t h e r  reduced t o  55.5 d g .  Consequently, t h e  n i t rogen  w i l l  n o t  
l i q u i f y  u n t i l  t h e  temperature  i s  below LN temperatures a t  760 mmHg. 
The p a r t i a l  p re s su re  of  argon i n  t h i s  mixture i s  650 mmHg at room 
temperature and 167 mmHg at LM2 temperature.  
mmHg vapor p re s su re  of argon a t  LN temperature and, consequently,  the  2 
argon w i l l  no t  l i q u i  fy  
A t  LN 2 
2 
This i s  below the 200 
Paschen Curves. - The Paschen curves presented  i n  t h i s  s e c t i o n  
w e r e  determined us ing  a set  of four  t ransducers  wi th  e l e c t r o d e  spacings 
of 33, 34, 35 and 38 mils. The gas mixtures  included argon-nitrogen 
percentages of 85%/15% 80%/20%, 75%/25% 70%/30% and 65%/35%. A f t e r  
t ak ing  an i n i t i a l  set of Paschen curve da t a ,  t hese  mixtures were doped 
wi th  16% dry a i r  and the  experiments repeated.  A summary of  t hese  
r e s u l t s  are presented  i n  t h i s  s ec t ion .  
Figure 32 is a Paschen curve f o r  t h e  25%/75% argon-nitrogen mixture.  
(This i s  a s e p a r a t e  mixture from t h e  gas used t o  determine the  Paschen 
curves of Fig. 31,) 
i n  Fig. 31 f o r  earlier experiments. Af t e r  t h e s e  curves were determined 
the  gas mixture  w a s  doped wi th  a i r  such t h a t  t h e  gas percentages were 
63% argon, 21% n i t rogen  and 16% air. Paschen curves determined wi th  
t h i s  mixture  are shown i n  Fig. 33. These r e s u l t s  are e s s e n t i a l l y  iden- 
t i ca l  t o  t h e  r e s u l t s  ob ta ined  without  the  a i r  dopant, Paschen curves 
f o r  the  f i v e  gas mixtures  determined wi th  one of t h e  four  t ransducers  
(35 m i l  spacing)  are shown i n  Fig.  34. These curves are e s s e n t i a l l y  
i d e n t i c a l ,  w i t h i n  experimental  e r r o r ,  of t h e  r e s u l t s  achieved wi th  a l l  
combinations of  t h e  gases and t ransducers  descr ibed i n  t h i s  s ec t ion .  
These d a t a  compare favorably wi th  t h e  r e s u l t s  shown 
The mul t i tude  of d a t a  determined wi th  t h e  75% argon-25% ni t rogen  
gas mixtures prepared a t  RTI are summarized by t h e  Paschen curves of  
Fig. 35. 
The EEPF/G Gas Mixture 
The argon-nit rogen mixtures d iscussed  previous ly  i n  t h i s  r epor t  
were mixed a t  RTI under less than i d e a l  circumstances.  The gases were 
mixed i n  used gas cy l inde r s  t h a t  were thoroughly f lushed  wi th  t h e  gases 
t o  b e  used i n  the  mixture and then  pumped t o  a low p res su re .  I n  t h e  
absence of equipment f o r  handl ing  o r  measuring h igh  p res su res ,  only 
s m a l l  volumes could be mixed at one t i m e  and new mixtures w e r e  f r equen t ly  






































































































the  s e l e c t e d  argon-nitrogen mixture ,  i . e . ,  75% argon-25% n i t r o g e n ,  from 
a commercial source  t o  supply t h e  a n t i c i p a t e d  needs of  t h e  MEPF/G experi-  
ments. 
RTI  f o r  f u r t h e r  experimentat ion.  
cy l inde r s  are as fol lows:  
The gas w a s  purchased by LaRC and two cy l inde r s  were supp l i ed  t o  
The s u p p l i e r ' s  ana lyses  of t hese  two 
Cylinder  No. 
SG135 36B 






Ni t rous  Oxide 
Me thane 
Acetylene 








Ni t rous  Oxide 
Methane 
Acetylene 




24.5 Molar % 
1.4 Molar ppm 
<0.5 Molar ppm 
4 . 0  Molar ppm 
<0.1 Molar ppm 
4 . 5  Molar ppm 
<0.05 Molar ppm 
d . 0  Molar ppm 
0.15 Molar ppm 




















-125°F Dew P o i n t  
Paschen curves f o r  t h e  MEPF/G t ransducers  were determined w i t h  the 
MEPF/G gas mixture ,  and these  r e s u l t s  are shown i n  Figs .  36 and 37. 
T e s t  c i r c u i t s ,  apparatus  and procedures w e r e  t h e  same as f o r  previous 
Paschen curves.  
i n c r e a s i n g  vol t2ge  u n t i l  a f i r i n g  event  occur red  and by f i x i n g  vo l t age  
and lowering p res su re  u n t i l  a f i r i n g  event  occurred.  These procedures 
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are evident  i n  t h e  h o r i z o n t a l  and v e r t i c a l  p a t t e r n s  of t h e  d a t a  po in t s  
of Figs .  36 and 37. 
is g r e a t e r  than  1000 V and Vlo is approximately 375 V. 
of t h e  output  of t he  MEPF/G t ransducer  c i r c u i t r y  f o r  t h e  MEPF/G gas 
are shown i n  Fig. 38 f o r  room temperature i n i t i a l  f i r i n g s  and i n  
Fig. 39 f o r  LNz temperature  f i r i n g s .  
t he  app l i ed  vo l t age  and lowering p res su re  u n t i l  a f i r i n g  event  occurred. 
These waveforms are e s s e n t i a l l y  t h e  same as observed wi th  the  o t h e r  
gases inves t iga t ed .  It is concluded from these  r e s u l t s  t h a t  t he  MEPF/G 
t ransducers  and gas mixtures are s u i t a b l e  f o r  t h e  planned experiment. 
Reading from these  d a t a ,  Vhi f o r  the  MEPF/G gas 
Oscil lograms 
These were determined by f i x i n g  
The Paschen curves of Fig. 35 f o r  t h e  RTI  mixtures d i f f e r s  from 
those of Figs ,  36 and 37 i n  t h a t  the  LN temperature curves of t h e  
l a t te r  do not  t u rn  up as quickly.  No explana t ion  f o r  t h i s  d i f f e r e n c e  









Vertical Scale: 5 V / c m  
Hor izonta l  Sca le :  0 - 5  mS/m 
Figure 38 Oscillograms o € t h e  Transducer C i r c u i t r y  
Output €or  I n i t i a l  F i r ings  wi th  t h e  MEPF/G 
G a s  a t  Room Temperature 
6 3  
500 V 
2 1  mrnHg 
500 V 
19 mmHg 
Vertical Sca le :  5 V/cm 
Hor izonta l  Scale:  0.5 mS/cm 
Figure 39 e Oscillograms of t h e  Transducer C i r c u i t r y  
Output f o r  I n i t i a l  F i r ings  wi th  t h e  MEPF/G 
Gas a t  LN Temperature 2 
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SECTION I11 
THE ELECTRONIC SYSTEM 
Summary 
The i n i t i a l  o b j e c t i v e  of  t h e  RTI program suppor t ing  the  MEPF/G 
experiment w a s  t o  c h a r a c t e r i z e  the  t ransducer  and design a compatible 
e l e c t r o n i c  system t o  i n t e r f a c e  the  p re s su re  cells  wi th  t h e  spacec ra f t .  
As t he  u n r e l i a b i l i t y  of t h e  MEPF/G t ransducer  became ev iden t ,  a d d i t i o n a l  
t r ansduce r  development rep laced  e l e c t r o n i c  system design as R T I ' s  primary 
ob jec t ive .  Concurrent ly ,  t h e  F l i g h t  Instrument  Div is ion  (FID) at LaRC 
assumed r e s p o n s i b i l i t y  f o r  t h e  design and f a b r i c a t i o n  of t h e  MEPF/G 
e l e c t r o n i c  system and RTI w a s  r e l i e v e d  of t h i s  r e s p o n s i b i l i t y  t o  concen- 
trate on t ransducer  development. Before t h e s e  changes w e r e  made, however, 
a b a s i c  e l e c t r o n i c  system design w a s  completed and a breadboard model 
w a s  f a b r i c a t e d  and t e s t e d ,  This design and test r e s u l t s  on t h e  bread- 
board model are descr ibed  h e r e i n .  This work w a s  completed e a r l y  i n  t h e  
p r o j e c t  per iod .  
The Research Tr iangle  I n s t i t u t e ' s  e l e c t r o n i c  system inc luded  a dc-dc 
conver te r  designed and f a b r i c a t e d  by Wilmore E l e c t r o n i c s ,  Inc.  on a sub- 
con t r ac t .  This  conver te r  w a s  incorpora ted  i n t o  t h e  FID system t o  become 
a component of t he  f l i g h t  hardware system. 
Many f e a t u r e s  of t h e  e l e c t r o n i c  system r e f l e c t  weight ,  power and 
volume l i m i t a t i o n s  and o t h e r  l i m i t a t i o n s  imposed by Pioneer  s p e c i f i c a t i o n s  
( r e f .  2 ) .  The experiment w a s  a l l o t t e d  3 .9  l b s  weight ,  1 w a t t  power and 
27 i n  (3" x 3" x 3") of space.  Spacecraft-MEPF/G i n t e r f a c e s  are ind i -  
ca ted  i n  t h e  block diagram of Fig. 1, and s p e c i f i c a t i o n s  f o r  t h e s e  
i n t e r f a c e s  are summarized i n  t h e  fol lowing s e c t i o n .  A 32-count r ecyc l ing  
counter  w a s  s p e c i f i e d  f o r  t h e  event  counter  t o  b e  read  s e r i a l l y  t o  t h e  
s p a c e c r a f t  upon command. The number of ou tput  lines from t h e  MEPF/G w e r e  
s t i l l  t o  be  determined at t h e  t i m e  t h i s  work w a s  accomplished. One l i n e  
w a s  r equ i r ed  f o r  t h e  counter  readout.  Other l i n e s  could have been committed 
t o  o t h e r  purposes such as redundant counters  and t h e  ON-OFF status of t h e  
experiment. 
3 
The Pioneer  s p e c i f i c a t i o n s  inc lude  an approved p a r t s  l i s t  t h a t  
s i g n i f i c a n t l y  inf luenced  t h e  e l e c t r o n i c  design. This  p a r t s  l i s t  w a s  
s eve re ly  res t r ic t ive i n  some areas. Few un i junc t ion  t r a n s i s  t o r s  and 
junc t ion  FET's were a v a i l a b l e  f o r  s e l e c t i o n ,  f o r  example, and MOSFET's 
w e r e  excluded. Ul t imate ly ,  t h e  approved p a r t s  l i s t  w a s  used as a guide- 
l i n e  and many except ions  were made, i nc lud ing  t h e  use of MOSFET's. 
RTI  e f f o r t ,  however, w a s  completed e a r l y  i n  t h e  program and r e f l e c t s  a 
commitment t o  t h e  approved p a r t s  l i s t ,  
The 
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Spec i f i ca t ions  
The i n t e r f a c e  s p e c i f i c a t i o n s  t h a t  pe r t a ined  t o  t h e  MEPF/G experiment 
are d iscussed  below, These s p e c i f i c a t i o n s  are not  complete he re in .  Com- 
p l e t e  i n t e r f a c e  s p e c i f i c a t i o n s  are inc luded  i n  PC-220 ( r e f .  2) e 
D i g i t a l  Data. - Unless otherwise s p e c i f i e d ,  a d i g i t a l  "1" o r  ON 
s i g n a l  is 4.5 + 1 Vdc and a d i g i t a l  "0" o r  OFF is  0.25 + 0.25 Vdc. 
D i g i t a l  d a t a  read from the MEPF/G w i l l  be  a ser ia l ,  s i x b i t  word from a 
source  impedance of  20 kQ o r  less. 
Input  Power. - The MEPF/G experiment is a l l o t t e d  one w a t t  of elec- 
t r i ca l  power t o  be supp l i ed  at  28 Vdc t 2%. This  vo l tage  i s  suppl ied  t o  
the  dc-dc power conver te r  through an e l e c t r o n i c  switch.  When switched 
t o  ON,  the  power conver te r  m u s t  l i m i t  t h e  inpu t  cu r ren t  such t h a t  1 )  t he  
cu r ren t  no t  exceed 500% of nominal s teady  state cu r ren t  f o r  10 us, 2) t h e  
cu r ren t  n o t  exceed 200% of t h e  nominal s teady  s ta te  cu r ren t  f o r  50 m s ,  
and 3) the  cu r ren t  n o t  exceed 120% of nominal s teady  s ta te  cu r ren t  f o r  
the  ba lance  of 1 second. 
ON-OFF Command. - The e l e c t r o n i c  switch incorpora ted  i n  t h e  power 
conver te r  tu rns  t h e  MEPF/G experiment ON o r  OFF upon command. 
l eve l  of 4 + 1 . 4 ,  - 1 .5  Vdc t u r n s  t h e  experiment ON and 0.25 + 0.25 Vdc 
t u r n s  the  experiment OFF. 
A vol tage  
- 
Word-Gate Pulse .  - A word g a t e  pu l se  i s  supp l i ed  the  MEPF/G from 
the  spacec ra f t  t o  i n d i c a t e  the t i m e  f o r  reading the  counter  content .  A 
"1" s i g n a l  is  suppl ied  from a 5 kQ source and t h e  "0" s i g n a l  i s  suppl ied  
from a 40 kQ source ( t h e s e  are m a x i m u m  values)  e The MEPF/G inpu t  imped- 
ance m u s t  be  g r e a t e r  than 50 kS2 and 50 pF. 
B i t -Sh i f t  Pulse .  - B i t  s h i f t  pu lses  are supp l i ed  t h e  MEPF/G t o  
s e r i a l l y  readout t h e  counter  content .  Impedance levels are t h e  same as 
f o r  t h e  word g a t e  pulse .  A s i x  b i t  word i s  read from each d i g i t a l  d a t a  
l i n e  on the  MEPFJG. 
System Considerat ions 
A s i m p l i f i e d  block diagram of the  MEPF/G experiment is  shown i n  
Fig. 1. A more d e t a i l e d  block diagram of  t h e  experiment is  shown i n  
Fig. 40 t o  f a c i l i t a t e  a desc r ip t ion  of t he  system's operat ion.  To begin ,  
consider  the  spacec ra f t  MEPF/G i n t e r f a c e s .  
p l i e d  28 Vdc and an ON-OFF command s i g n a l  from the  s p a c e c r a f t ,  and 
supp l i e s  t h e  5 ,  10 and 525 Vdc requi red  f o r  the  experiment. The D i g i t a l  
Telemetry Unit  (DTU) supp l i e s  word-gate and b i t - r a t e  s i g n a l s  t o  readout 
the  event  counter  and rece ives  the  6-bi t  serial count ou tput .  
The power conver te r  is sup- 
The power conver te r  supp l i e s  525 Vdc t o  t h e  MEPF/G transducers  
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this  r e p o r t  ( s e e  Figs .  10, 41) 
t r ansduce r ' s  c i r c u i t r y  provides  an output  t o  t h e  counter  c i r c u i t r y ,  i . e . ,  
t o  t h e  nul l -count  enable  ga t e  of Fig. 40. 
l i m i t e d  t o  t u r n  OFF a f t e r  t h e  c a p a c i t o r  d i scharges  only t o  aga in  f i r e  
when vo l t age  ac ross  t h e  t ransducer  i n c r e a s e s  t o  t h e  f i r i n g  vol tage .  I n  
t h i s  manners t h e  t r a n s d u c e r ' s  c i r c u i t r y  provides  a continuous series o f  
ou tput  pu l se s  u n t i l  t h e  cell  p re s su re  reduces t o  a va lue  such t h a t  no 
f u r t h e r  f i r i n g s  w i l l  occur.  
When a t r ansduce r  f i r i n g  even t  occurs ,  t h e  
The t r ansduce r  is  energy 
The power conve r t e r  a l s o  s u p p l i e s  10 Vdc t o  a low frequency clock 
which has a pe r iod  of approximately 20 seconds.  The low frequency clock 
output  is supp l i ed  t o  t h e  counter  system through the  nul l -count  i n h i b i t  
g a t e  of Fig. 40. The i n t e r f a c e  c i rcu i t  i s  a t r a n s i s t o r  swi tch ing  circuit 
added t o  "square" t h e  clocks output  waveform and assu re  t r i g g e r i n g  
r e l i a b i l i t y .  The clock output  is a s p i k e  wi th  an exponent ia l  decay. 
Except f o r  t h e  t ransducer  c i r c u i t r y  and t h e  low frequency clock, the 
e l e c t r o n i c  system p r i n c i p a l l y  c o n s i s t s  of c a p a t i b l e  TTL i n t e g r a t e d  l o g i c  
c i r c u i t r y .  This  c i r c u i t r y  is supp l i ed  wi th  5 Vdc from t h e  power converter .  
I n  a n u l l  conditi ,on,  t h e  t i m e  delay counter  o f  Fig.  40 ( a  r i p p l e  
counter)  is dormant and s u p p l i e s  seven ou tpu t s  t o  t h e  n u l l  count  enab le  
and i n h l b i t  ga t e s .  The i n h i b i t  g a t e  prevents  t he  low frequency clock from 
advancing t h e  t i m e  delay counter  from i t s  n u l l  condi t ion .  However, the 
t ransducer  c i r c u i t r y  s u p p l i e s  t h e  t i m e  delay counter  through an enabled 
g a t e  such that an output  from t h e  t r ansduce r  c i r c u i t r y  w i l l  advance the 
t i m e  delay counter  by one count. When t h e  t i m e  delay counter  is o f f  the 
n u l l  condi t ion ,  t h e  n u l l  count enable  g a t e  i n h i b i t s  any f u r t h e r  i n p u t  
from t h e  t r ansduce r  c i r c u i t r y  and t h e  n u l l  count i n h i b i t  g a t e  enables  
the  low frequency clock t o  cont inue t o  advance t h e  t i m e  delay counter .  
A f t e r  approximately 4 3  minutes ,  t h e  low frequency clock w i l l  have 
advanced t h e  t i m e  de lay  counter  u n t i l  it aga in  reaches a n u l l  cond i t ion ,  
and t h e  system is  enabled t o  accept  another  i n p u t  from t h e  t ransducer  
c i r c u i t r y  e 
During t h e  OFF pe r iod  when t h e  t i m e  delay counter  is advancing 
toward i t s  n u l l  condi t ion ,  i t  is a n t i c i p a t e d  t h a t  t h e  p r e s s u r e  cell w h i c h  
leaked  and i n i t i a t e d  t h e  cyc le  w i l l  cont inue t o  l eak  t o  a low p r e s s u r e  
such t h a t  no f u r t h e r  f i r i n g s  can occur .  Otherwise,  t h e  s t i l l  f i r i n g  
t r ansduce r  w i l l  advance the  t i m e  delay counter  from n u l l  a second t i o n e  
and cause t h e  event counter  t o  r e g i s t e r  an erroneous count,  I f  a second 
t r ansduce r  fires dur ing  an OFF pe r iod ,  i t  w i l l  n o t  b e  counted unless  i t  is 
sti l l  f i r i n g  4 3  minutes after t h e  i n i t i a l  f i r i n g  of  t h e  first t r ansduce r ,  
i e e . 9  when t h e  t i m e  delay counter  r e t u r n s  t o  n u l l .  The a c t u a l  t i m e  de lay  
can be  a d j u s t e d  by changing t h e  per iod  of  t h e  low frequency clock or 
changed by a f a c t o r  o f  2 by adding o r  removing a f l i p - f l o p  from t h e  t i m e  
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t o  
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t o  
o u t e r  No. 2 
Figure  41. P a r a l l e l  Transducer C i r c u i t s  
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The event  counter  advances one count each t i m e  t h e  t i m e  delay 
counter  advances o f f  the n u l l  count. I t  is  a 5-stage r ecyc l ing  r i p p l e  
counter ,  and i t s  f i v e  outputs  s t o r e  i n  b ina ry  form t h e  number of  t i m e s  
t h e  t i m e  delay counter  has  been advanced from i t s  n u l l  p o s i t i o n .  The 
mul t ip l exe r  serializes the  p a r a l l e l  readout  o f  t h e  event  counter  and 
s h i f t s  the  readout t o  t h e  s p a c e c r a f t  DTU. 
A Redundancy Scheme. - The one w a t t  power a l lo tment  is s u f f i c i e n t  
for a redundant counter  system and several p a r a l l e l  t r ansduce r  c i r c u i t s .  
An arrangement f o r  t h e  t ransducer  c i r c u i t s  is  i l l u s t r a t e d  i n  Fig.  4 1  
where each of  t h e  12  panels  h a s  a s e p a r a t e  t ransducer  c i r c u i t  and the  
18 t ransducers  on each panel  are connected i n  p a r a l l e l .  The 12  c i r c u i t s  
are OR-gated through diodes t o  two o r  more t ransducer  i n t e r f a c e  c i r c u i t s .  
(Each of t h e  t r ansduce r  c i r c u i t s  i n  Fig.  4 1  i s  i d e n t i c a l  t o  t h e  c i r c u i t  
o f  Fig. 10.) One t ransducer  i n  each o f  t h e  1 2  pane ls  f i r i n g  would 
r e q u i r e  less than  100 mW. The redundancy scheme i s  extended i n  Fig. 42 
t o  i nc lude  two redundant counters .  The counter  ou tputs  could b e  read 
on s e p a r a t e  l i n e s  o r  on a s i n g l e  l i n e  as i l l u s t r a t e d .  The s i x t h  b i t  i n  
each counter  could be  used t o  i d e n t i f y  the  counter .  
C i r c u i t  Descr ip t ions  
Transducer C i r c u i t r y .  - The t ransducer  c i r c u i t r y  is  descr ibed  i n  
Sec t ion  I1 o f  t h i s  r e p o r t  and i s  i l l u s t r a t e d  i n  F igs .  10 and 41. It is 
emphasized aga in  t h a t -  t h i s  c i r c u i t  r e f l e c t s  t h e  n e c e s s i t y  of  p reven t ing  
a glowing o r  f i r e d  t ransducer  from d i s s i p a t i n g  excessive power. ( A  
s i n g l e  t ransducer  glowing a t  2 mA of c u r r e n t  would r e q u i r e  more than 
1 W at  the  power conver te r  i n p u t ) .  Energy s t o r e d  i n  the  0.01 pF capa- 
c i t o r  d i s s i p a t e s  ac ross  t h e  t r ansduce r ,  R2 and R3’ whenever a f i r i n g  
event  occurs .  A s  t h e  c a p a c i t o r  d i scharges ,  vo l t age  across  the  trans- 
ducer  f a l l s  below t h e  running vo l t age  and t h e  glow ex t ingu i shes .  The 
t r ansduce r  vo l t age  aga in  inc reases  t o  t h e  f i r i r . g  vo l t ages  of t h e  t rans-  
ducer  at a rate determined by t h e  R C t i m e  cons tan t .  1 
The Transducer I n t e r f a c e  C i r c u i t .  - An i n t e r f a c e  c i r c u i t  coupl ing 
t h e  t r ansduce r  c i r c u i t  t o  t h e  counter  i s  shown i n  Fig.  41. Other  
c i r c u i t s  were a l s o  used i n  tests wi th  t h e  e l e c t r o n i c  system, One was t h e  
common emitter c i r c u i t  i l l u s t r a t e d  i n  Fig. 4 3 .  Another i n t e r f a c e  
c i r c u i t  t e s t e d  w a s  simply a 5 V Zener diode across  each of t h e  l o 4  52 
r e s i s t o r s  (R ) i n  t h e  t ransducer  c i r c u i t s .  The zener  diodes act  as a 
l imiter  t o  a s s u r e  t h a t  no damaging pulses  are t r a n s m i t t e d  t o  t h e  counter .  
Pulses  of less than  5 V are t r ansmi t t ed  wi th  no a t t e n u a t i o n ,  
3 
Low Frequency Clock. - A schematic  of  t h e  low frequency clock is  
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with a j u n c t i o n  FET c o n t r o l l i n g  t h e  charging ra te  of t h e  10  IF capac i to r .  
This c i r c u i t  w a s  o r i g i n a l l y  designed t o  o p e r a t e  from a 5 Vdc supply,  and 
l a t e r  opera ted  from 10 Vdc t o  achieve a l o n g e r  per iod.  Tests run on t h e  
c i r c u i t  a t  a nominal 5 V w e r e  no t  repea ted  wi th  10 V app l i ed ,  b u t  t h e  
clock w a s  operated over  t h e  s p e c i f i e d  temperature extremes wi th  t h e  com- 
p l e t e  counter  c i r c u i t .  Figure 45 shows t h e  clock per iod  as a funct ion 
of  temperature wi th  appl ied  vol tage  as a parameter. This p e r i o d  w a s  
increased  t o  approximately 20 seconds by i n c r e a s i n g  t h e  appl ied  vol tage  
t o  10 V and maintaining cu r ren t  through t h e  FET o r  low as poss ib le .  
The Counter C i r c u i t .  - The counter  c i r c u i t  is  shown i n  d e t a i l  i n  
.Fig. 46. Each element i s  a compatible TTL i n t e g r a t e d  l o g i c  c i r c u i t  i n t e r -  
connected t o  form t h e  d e s i r e d  counters ,  s h i f t  r e g i s t e r s  and ga te s .  The 
l o g i c  elements are T I  54L series units s e l e c t e d  from t h e  approved p a r t s  
l ist.  
elements. A counter  breadboard w a s  a l s o  f a b r i c a t e d  wi th  t h e  SE 400 series 
u n i t s ,  b u t  t hese  requi red  more power than the  T I  54L u n i t s .  
The p a r t s  l i s t  a l s o  included S i g n e t i c ' s  SE 400 series o f  l o g i c  
A photograph of a breadboard model o f  t h e  counter  c i r c u i t r y  is shown 
i n  Fig. 47. I n d i v i d u a l  I C  chips  are l o c a t e d  on p r i n t e d  c i r c u i t  cards  and 
connected t o  t h e  breadboard chass i s  e The d i s c r e t e  component low frequency 
clock and i n t e r f a c e  c i r c u i t r y  are i n  evidence i n  the  photograph. Front  
and back v i e w s  o f  a second breadboard inc luding  a model of t h e  power 
conver te r  are shown i n  Fig. 48.  This model w a s  wired t o g e t h e r  a f t e r  t h e  
I C  chips  w e r e  mounted on commercially a v a i l a b l e  p r i n t e d  c i r c u i t  cards.  
The power conver te r  w a s  reduced i n  s i z e  f o r  t h e  f l i g h t  hardware models. 
The e l e c t r o n i c  c i r c u i t  models shown i n  Figs. 47 and 48 w e r e  t e s t e d  over  
t h e  s p e c i f i e d  temperature range. Addi t iona l ly ,  a breadboard model of 
t h e  counter  us ing  t h e  SE-400 series chips  w a s  f a b r i c a t e d  and t e s t e d .  
F igure  47.  A Photograph o f  a Breadboard 
Model o f  t h e  E l e c t r o n i c  Sys t e m  
75 
Figure 48.  Two V i e w s  of a Model of  the  
E l e c t r o n i c  System wi th  Power 
Converter 
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Power Converter. - The power conver te r  w a s  designed and f a b r i c a t e d  
by Wilmore E lec t ron ic s  Company, Inc.  under an RTI  subcont rac t .  The 
o r i g i n a l  s p e c i f i c a t i o n s  are t a b u l a t e d  i n  Table IV. Other s p e c i f i c a t i o n s  
were as r equ i r ed  by Pioneer  S p e c i f i c a t i o n s  ( r e f .  2 )  These s p e c i f i c a t i o n s  
were modified on at least  two occasions.  When he l ium w a s  r e j e c t e d  as a 
p r e s s u r i z i n g  gas f o r  t h e  p re s su re  c e l l s ,  t h e  high vol tage  ou tpu t  of t h e  
conver te r  w a s  s p e c i f i e d  t o  be 375 v o l t s .  This w a s  a s a f e  minimum value  
f o r  neon which w a s  be ing  s t u d i e d  as a replacement f o r  helium. When t h e  
argon-nitrogen mixture  w a s  s e l e c t e d  as t h e  p r e s s u r i z i n g  gas ,  i t  w a s  
necessary  t o  aga in  i n c r e a s e  t h e  high vol tage  output  of  t h e  conver te r  t o  
525 v o l t s .  
I n i t i a l l y ,  t h r e e  power conver te rs  were f a b r i c a t e d ,  One of t hese  w a s  
included i n  a breadboard model of t h e  e l e c t r o n i c  system and is  ev iden t  i n  
Fig. 48.  Two o t h e r s  were used i n  eva lua t ion  tests a t  LaRC. One of t h e s e  
w a s  s i g n i f i c a n t l y  reduced i n  s i z e  from t h e  s p e c i f i c a t i o n s  i n  Table I V  and 
became a pro to type  f o r  f i v e  a d d i t i o n a l ,  f l i g h t - q u a l i t y  conver te rs  T e s t  
r e s u l t s  from one of  t h e  t h r e e  o r i g i n a l  u n i t s  are inc luded  i n  Tables V ,  V I  
and V I I .  Acceptance tests on t h e  f i v e  f l i g h t  u n i t s  were run a t  Wilmore 
E lec t ron ic s  by Wilmore and LaRC personnel  and d e l i v e r e d  d i r e c t l y  t o  LaRC. 
T e s t  Program 
The e l e c t r o n i c  s y s  t e m  breadboard models were cycled through numerous 
tests at room temperature and t h e  s p e c i f i e d  temperature  extremes of  - 2 0 ° F  
and +120"F. The f a c i l i t y  used t o  test  t h e  e l e c t r o n i c  models is i l l u s -  
t r a t e d  i n  Fig.  49. A p u l s e  genera tor  w a s  used t o  simulate t h e  i n p u t  from 
the  t r ansduce r  c i r c u i t r y .  This same input  w a s  a l s o  supp l i ed  t o  t h e  b i t -  
s h i f t  i npu t  on t h e  counter  and used t o  t r i g g e r  an osc i l l o scope  d i sp lay  o f  
t h e  e l e c t r o n i c  system serial  output .  The osc i l l o scope  sweep t i m e  w a s  
approximately 1 / 6  t h e  r e p e t i t i o n  rate of t h e  2228 p u l s e  gene ra to r  such 
t h a t  each b i t  of t h e  event  counter  w a s  mult iplexed t o  d i sp l ay  on each 
sweep of  t h e  osc i l l o scope .  Consequently, t h e  content  of t h e  even t  counter  
w a s  cont inuously d i sp layed  on t h e  osc i l l o scope .  The pu l se  i n p u t  t o  t h e  
t ransducer  c i r c u i t  i n p u t  has  a much h ighe r  r e p e t i t i o n  rate than does t h e  
low frequency clock i n p u t  and w a s  v a r i e d  from 200 H z  t o  approximately 9 MHz 
w i t h  s a t i s f a c t o r y  r e s u l t s .  
The f a c i l i t y  provided f o r  r ep lac ing  t h e  l o w  frequency c lock  wi th  a 
v a r i a b l e  frequency inpu t  such t h a t  t h e  counter  could be cyc led  quick ly  f o r  
test  purposes.  The two p a r a l l e l  counters  on t h e  l o w  frequency clock i n p u t  
r e s u l t e d  when an earlier discrepancy w a s  t r aced  t o  a counter  on t h e  low 
frequency inpu t .  On subsequent tests, these  p a r a l l e l  counters  w e r e  
expected t o  agree and be compatible wi th  t h e  read-out of t h e  MEIPF/G coun- 
ter. On rare occas ions ,  these  counters  d i d  n o t  agree.  Whenever t h i s  
condi t ion  w a s  observed, t h e  counters  were compared wi th  t h e  MEPF/G counter ,  
and t h e  EVEN-ODD status of t h e  counters  w e r e  compared with t h e  s ta te  of  t h e  
first f l i p - f l o p  i n  t h e  t i m e  delay counter .  Agreement between one of t h e  
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Table I V  
POWER CONVERTER SPECIFICATIONS 
I. Input :  
28 Vdc 
- + 1% Shor t  term e r r o r  
- + 1% Long t e r m  d r i f t  (Superimposed) 
11. Switch: 
The conver te r  s h a l l  provide f o r  maintaining i t s  own e l e c t r i c a l  
load  ON o r  OFF i n  accordance wi th  a s ta te  s i g n a l  which is  t o  be 
suppl ied .  The i d l i n g  power drawn by t h e  conver te r  dur ing  t h e  OFF 
state s h a l l  not  exceed 5 mW. The s ta te  s i g n a l  i s  descr ibed  below: 
A, ON s i g n a l  -- 4 +1.4, -1.5 Vdc -
B. 
C .  Rise t i m e  -- 1 0 0 ~ s  max. 
- OFF s i g n a l  -- 0.25 - + 0.25 Vdc 
D. F a l l  t i m e  -- lOuS  max. 
E. Current t o  con t ro l  u n i t  s h a l l  b e  100 MA max, 
F. Current from c o n t r o l  u n i t  s h a l l  b e  100 ~J.A max. 
G. Voltage suppl ied  from conver te r  t o  cont ro l -uni t  during o f f  
state--5V max. 
111. Inrush  Current : 
When switched t o  a power bus of 28 Vdc wi th  a source impedance 
no g r e a t e r  than  1 ohm resistive, t h e  dura t ion  of ins tan taneous  load  
c u r r e n t  s h a l l  n o t  exceed t h e  following: 
A. 250 mA f o r  5 1.1s. 
B. 100 mA f o r  50 mS. 
C. 110% of normal s teady  state cu r ren t  f o r  1 S. 
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5.0 Vdc; - + 10% Regulation; - + 2% Ripple  P-P 
300 mW max. load ( conve r t e r  t o  be  designed such t h a t  more 
power drawn on t h e  ou tpu t ,  up t o  1 .0  w a t t  i n p u t ,  w i l l  no t  
damage t h e  u n i t  . ) 
525 Vdc; - + Regulat ion;  - + 2% Ripple  P-P 
125 mW max, l oad  ( t o  work cont inuously i n t o  300 mW load  wi thout  
damage t o  conver te r .  Able t o  wi ths t and  s h o r t  c i r c u i t  f o r  10 S . )  
10 Vdc; - + 10% Regulation; 5 2% Ripple  P-P 
25 mW load  
V. Phys i ca l  Charac t e r i s  t i c s  : 
High q u a l i t y ,  p r i n t e d  c i r c u i t r y  cons t ruc t ion .  Subminature t u r r e t  
o r  b i f u r c a t e d  te rmina ls  f o r  i n p u t ,  ou tput  and command s i g n a l s .  
C i r c u i t  S ize :  2 7/8" x 2 7/8" x 1/2" maximum. Weight: 0.4 l b .  max. 
V I .  Temperature: 
A. Sunr iva l  wh i l e  ope ra t ing  o r  non-operating, -40"+5"F - t o  +120°+5'F. - 
B.  Outputs vo l tage  r egu la t ed  t o  s p e c i f i c a t i o n s ,  -20°F t o  +120°F. 
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Table %I 
10 VOLT OUTPUT 
VOLTS LOAD (mV) 
10.17 no 7.7 
10.06 f u l l  20.0 
10.09 no 7.7 
9.96 f u l l  15. 
9.93 no 7.5 
9.83 f u l l  22.0 
9.85 no 8.3 
9.74 f u l l  14.0 
10.36 no 7.6 
10.26 f u l l  22.0 
10.28 no 8.4 
10.17 f u l l  12.0 
RIPPLE 
POWER CONVERTER TEST 
Temperature = +76OF Converter 1 - W  
525 VOLT OUTPUT 
VOLTS LOAD (Volts)  
545 no 3.7 
502 f u l l  8.4 
537 no 3.7 
534 no 3.6 
532 no 3.7 
490 f u l l  7.7 
524 no 3.7 
523 no 3.7 
555 no 3.7 
512 f u l l  7.5 
547 no 3.7 
















5 VOLT OUTPUT 
RIPPLE 
VOLTS LOAD (mV) 
5.57 no 7.8 
4.90 f u l l  26.0 
4.91 f u l l  26.0 
4.89 f u l l  26.0 
5.44 no 8.4 
4.78 f u l l  26.0 
4.79 f u l l  26.0 
4.78 f u l l  26.0 
5.67 no 7.8 
5.00 f u l l  26.0 
5.01 f u l l  26.0 
5.006 f u l l  26.0 
CONTROL SWITCH INPUT 
"1" Input  Threshold = 1.55 V 
"0" Input  Threshold = 1 . 6 3  V 
Control Input  ON Current = 89 PA 
Coverter OFF Current = 73 uA 
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POWER CONVERTER TEST 
T e m p e r a t u r e  = +120°F Converter 1-W 
5 VOLT OUTPUT 
RIPPLE 
VOLTS LOAD (mV) 
5.59 no 7.8 
4.90 f u l l  25 
4.92 f u l l  2 1  
4 .91  f u l l  
5.49 no 
4.79 f u l l  
4.81 f u l l  
4.80 f u l l  
5.72 no 
5.00 f u l l  
5.03 f u l l  
5.02 f u l l  
10 VOLT OUTPUT 
RIPPLE 
VOLTS LOAD (mV) 
10.18 no 7.8 
10.06 f u l l  19.0 
10.10 no 7 . 1  
9.98 f u l l  11.0 
9.97 no 
9.85 f u l l  
9.89 no 
9.77 f u l l  
10.40 no 
10.26 f u l l  
10.32 no 
10.20 f u l l  
525 VOLT OUTPUT 
RIPPLE 
VOLTS LOAD ( V o l t s )  
543  no 3.6V 
498 f u l l  7.3  
535 no 3.6 
533  no 3.6 
531 no 
























28  28 
POWER CONVERTER TEST 
Temperature = -20’F 
~ 
5 VOLT OUTPUT 
RIPPLE 
VOLTS LOAD (mV) 
5.37 no 3.8 
4.80 f u l l  41 
4.82 f u l l  32 
4.82 f u l l  31 
5.24 no 
4.69 f u l l  
4.71 f u l l  
4.71 f u l l  
5.48 no 
4.92 f u l l  
4.94 f u l l  
4.93 f u l l  
4.79 f u l l  
temp. = -40” F 
10 VOLT OUTPUT 
RIPPLE 
VOLTS LOAD (mV) 
10.02 no 7.9 
9.88 f u l l  35 
9.94 no 4 1  
9.85 f u l l  15 
9.80 no 
9.67 f u l l  
9.72 no 
9.64 f u l l  
10.23 no 
10.10 f u l l  
10,15 no 
10.06 f u l l  
9.87 f u l l  
Converter 1-W 
- 
525 VOLT OUTPUT 
RIPPLE 
VOLTS LOAD (Volts)  
541 no 3.5 
485 f u l l  6.0 
534 no 3.5 
532 no 3.5 
530 no 




496 f u l l  
495 no 
494 no 




two counters  and t h e  s t a t u s  of t h e  MEPF/G system w a s  considered a 
s u c c e s s f u l  tes t (. 
The tes t  f a c i l i t y  func t ions  as follows. The MEPF/G counter  and t h e  
low frequency clock counters  are set t o  zero  and t h e  t r ansduce r  c i r c u i t  
input  pu l se  app l i ed  during t h e  OFF per iod  of t h e  low frequency clock. 
S e t t i n g  the  MEPFIG counter  system inc lud ing  the  7-bi t  t i m e  delay counter  
t o  zero causes t h e  inpu t  from t h e  t ransducer  c i r c u i t r y  t o  be i n h i b i t e d  
and t h e  i n p u t  from t h e  low frequency clock t o  b e  enabled.. Consequently, 
t h e  MEPF/G event  counter  w i l l  remain a t  zero and the  low frequency clock 
w i l l  cont inue t o  advance t h e  t i m e  delay counter.  Af t e r  1 2 7  pu lses  from 
the  low frequency clock,  i . e . ,  Z 7  - 1 pul ses ,  t h e  t i m e  delay counter  w i l l  
r e t u r n  t o  a n u l l  state. Immediately, t h e  f i r s t  high frequency pulse  at  
t h e  t r ansduce r  c i rcui t  inpu t  w i l l  advance t h e  MEPF/G counter  from t h e  
n u l l  s ta te  and aga in  r e j e c t  any a d d i t i o n a l  i npu t s  u n t i l  t h e  low frequency 
clock again r e t u r n s  t h e  counter  t o  i t s  n u l l  state. 
event  counter  w i l l  advance one count each time t h e  low frequency clock 
advances 127 counts. (The 7-bi t ,  t i m e  delay counter  recyc les  every 
27 = 128 counts. I n  t h e  MEPF/G system, however, t h e  f i r s t  advance i n  each 
cyc le  is  due t o  e i t h e r  t he  reset opera t ion  o r  a pu l se  a t  the  t ransducer  
c i rcui t  input  on subsequent cycles  ., ) 
Consequently, t h e  MEPF/G 
To monitor t h e  test of the  MEPF/G e l e c t r o n i c s ,  i t  w a s  necessary  t o  
occas iona l ly  compare t h e  content  of t h e  MEPF/G event  counter  wi th  t h e  
counter  monitoring the  low frequency clock inpu t .  The event  counter  
should read one count f o r  each 127 counts on t h e  l o w  frequency clock 
counter .  Frequent ly ,  t he  MEPF/G counter  w a s  monitored as the  low f r e -  
quency clock reached an exact mul t ip l e  of  1 2 7 .  With a 43 second pe r iod  
low frequency clock,  t h e  MEPF/G counter  advances every 9 1  minutes (127 x 
43 seconds) and recyc les  t o  zero every 48.5 hours  (32 x 9 1  minutes).  
Numerous e r r o r  f r e e  cycles  were observed. 
Figure 49 shows a vol tmeter  monitoring the  status of  t h e  f i r s t  f l i p -  
f l o p  i n  t h e  t i m e  delay counter.  This w a s  simply an a d d i t i o n a l  a id  i n  
monitoring t h e  agreement between t h e  MEPF/G counter  and t h e  low frequency 
clock counters .  With an even number i n  t h e  MEPF/G counter  event  counter ,  
the f l i p  f l o p  (FF-1) reads low o r  "0" dur ing  even counts on t h e  low f r e -  
quency clock. With an odd number i n  the  event  counter ,  FF-1 reads low o r  
"0" dur ing  odd counts on t h e  l o w  frequency clock. 
During tests on the  e l e c t r o n i c  system, c u r r e n t  t o  t h e  power conver te r  
and cu r ren t  t o  the  5 V  load w e r e  continuously monitored. The 54L counter 
nominally drew 16.5 mA from t h e  5 v o l t  l i n e  (83 mW) and t h e  conver te r  drew 
approximately 22 mA from t h e  28 V source (616 mW). 
of  t h e  counter  us ing  the  SE400 chips  requi red  approximately 120 mW. 
An earlier breadboard 
Table V I 1 1  i llustrates observat ions made during a s i n g l e  cycle  of 
t h e  e l e c t r o n i c  system. Some of t h e  observat ions recorded, i .e.  cu r ren t s  
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and temperatures,  are not  inc luded  i n  t h e  t ab le .  The 6 th  b i t  i n  t h e  
read-out is a counter  i d e n t i f i c a t i o n  b i t  and w a s  no t  from t h e  5 - b i t ,  
32 count ,  r e c y c l i n g  event  counter.  
Table VI11 
RECORD OF A COUNTER SYSTEM TEST 
Counter Model 11, With Converter 







I f  
TIME 
9:oo P 
1 : l O  P 
1:25 P 
10:20 P 

























R e s  e t -Be  gin 
Count 1 9 ,  Correct  
Count 20, Observed 
Switch 
Count 30, Correct  
Count 31, Correct 




CONCLUSIONS AND NCOMMENDATIONS 
The i n v e s t i g a t i o n s  descr ibed  i n  t h i s  r epor t  were conducted i n  
support  of t h e  Meteoroid Experiment For P ioneer  F/G (MEPF/G). The 
i n i t i a l  o b j e c t i v e s  were t o  cha rac t e r i ze  t h e  t ransducer  s e l e c t e d  f o r  t he  
MEPF/G experiment and design compatible e l e c t r o n i c s  f o r  i n t e r f a c i n g  
wi th  t h e  Pioneer  Spacecraf t .  The t ransducer  proved t o  be u n r e l i a b l e  and 
t h e  cause and cure of t h e  u n r e l i a b i l i t y  became t h e  primary ob jec t ive .  
These i n v e s t i g a t i o n s  included d i f f e r e n t  p re s su r i z ing  gases a l t e r e d  
t ransducer  e l e c t r o d e  geometries and materials t h e  use of i n i t i a l  ion- 
i z a t i o n  sources  and f a b r i c a t i n g  procedures * A pressure  ce l l /  t ransducer  
evolved t h a t  u t i l i z e d  t h e  o r i g i n a l  e l ec t rode  assembly, e l e c t r o p l a t e d  
N i  as an i n i t i a l  source  of  i o n i z a t i o n ,  and a 75% argon/25% n i t rogen  
gas mixture as a p r e s s u r i z i n g  gas. 
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The p res su re  c e l l / t r a n s d u c e r  t h a t  evolved from these  i n v e s t i g a t i o n s  
is s u i t a b l e  f o r  the  MEPF/G experiment. I ts  Paschen c h a r a c t e r i s t i c s  are 
such t h a t  a p re s su r i zed  c e l l  w i l l  no t  i n d i c a t e  a t  any expected tenpera- 
t u r e  o r  power supply vol tage ,  and i t  w i l l  i n d i c a t e  whenever a ce l l  i s  
pene t r a t ed  and t h e  p re s su re  decreases  a There i s  considerable  unce r t a in ty  
i n  the  locus of  t h e  Paschen c h a r a c t e r i s t i c s  of t h e  MEPF/G pressure  cells, 
bu t  the  mechanism of a c e l l  i n d i c a t i n g  o r  f i r i n g  is  a s t a t i s t i c a l  process  
and t h e s e  u n c e r t a i n t i e s  are t o  be expected. However, t he  pressure  cel l /  
t ransducer  sys  t e m  has  an adequate s a f e t y  margin t o  assure  r e l i a b l e  
opera t ion .  
The e x c i t a t i o n  vol tage  and i n i t i a l  p re s su re  requirements of the  
MEPF/G p res su re  ce l l  are moderate and pose no d i f f i c u l t  problems f o r  the  
e l e c t r o n i c s  o r  t he  p re s su re  cel l  f a b r i c a t i o n .  The N i 6 3  e l e c t r o p l a t e d  on 
the  e l ec t rodes  of t he  t ransducers  i s  n o t  hazardous t o  personnel .  Addi- 
t i o n a l l y ,  i t  i s  easy t o  e l e c t r o p l a t e  on t h e  e l ec t rodes  using s t anda rd  
e l e c t r o p l a t i n g  procedures ,  and t h e  amount p l a t e d  on each e l ec t rode  i s  
e a s i l y  cont ro l led .  The b a s i c  t ransducer  s t r u c t u r e  i s  an off- the-shelf  
component, r e a d i l y  a v a i l a b l e  i n  l a r g e  q u a n t i t i t e s  This b a s i c  s t r u c t u r e  
w a s  o r i g i n a l l y  s e l e c t e d  i n  order  t o  comply wi th  t h e  l i m i t e d  weight 
a l l o t t e d  t o  t h i s  experiment 
The MEPF/G p r e s s u r i z i n g  gas w a s  s e l e c t e d  a f t e r  cons ider ing  s e v e r a l  
gases and gas mixtures .  The two gases ,  argon and n i t rogen ,  are i n e r t  
and compatible wi th  each o t h e r  i n  t h a t  they are not  Penning-type mixtures.  
The gas p re s su re  is low such t h a t  t h e  p re s su re  cells w i l l  no t  rup ture  a t  
the  high temperature extreme, and n e i t h e r  gas w i l l  condense out  a t  t h e  
low temperature extreme, Addi t iona l ly ,  t h e  Paschen c h a r a c t e r i s t i c s  of 
t h i s  mixture  are s u i t a b l e  f o r  t h e  MEPF/G app l i ca t ion ,  
The e l e c t r o n i c  system f o r  t h e  MEPF/G w a s  designed and f a b r i c a t e d  a t  
LaRC. Ear ly  i n  t h i s  program, a similar e l e c t r o n i c  system w a s  designed 
and breadboarded a t  RTI ,  
are as fol lows:  (1) The t ransducer  c i r c u i t r y  does not  allow a t ransducer  
t o  cont inue t o  glow after i t  f i r e s .  I n  o rde r  to  l i m i t  t h e  power r equ i r ed  
by the  experiment t o  less than one w a t t ,  a high impedance is  s e r i e s e d  wi th  
t h e  p a r a l l e l e d  t r ansduce r  groups t o  l i m i t  c u r r e n t  flow. Consequently, t h e  
t ransducer  i n  a l eak ing  ce l l  w i l l  t r o s c i l l a t e l '  as long as the p re s su re  and 
temperature are wi th in  compatible l i m i t s .  (2)  Once a t r ansduce r  f i r e s ,  
t he  e l e c t r o n i c  system ignores  any a d d i t i o n a l  t ransducer  f i r i n g s  f o r  a 
pe r iod  of t i m e  t o  a l low p res su re  i n  t h e  pene t r a t ed  ce l l  t o  reduce t o  a 
low value.  The OFF t i m e  of t h e  system is a compromise between a s h o r t  
pe r iod  t h a t  would allow a s i n g l e ,  l eak ing  ce l l  t o  be  counted t w i c e  and a 
long  pe r iod  t h a t  may miss a second even t  t h a t  occurs  s h o r t l y  a f t e r  an 
i n i t i a l  event .  (3)  The content  of t h e  event  counter  i s  s e r i a l i z e d  and 
mul t ip lexed  t o  t h e  s p a c e c r a f t  upon command. 
Some b a s i c  c h a r a c t e r i s t i c s  of  both designs 
I t  i s  concluded t h a t  t h e  MEPF/G experiment w i l l  adequately perform 
the  func t ion  f o r  which i t  w a s  designed. It i s  compatible wi th  the  P ioneer  
Spacec ra f t ' s  s p e c i f i c a t i o n s  and l i m i t a t i o n s .  It  w i l l  cont inuously monitor 
t h e  216 p res su re  cells  and r e g i s t e r  a s i n g l e  count i n  t h e  event  counter  
whenever t h e  p re s su re  i n  a c e l l  decreases  t o  a s i g n i f i c a n t l y  lower va lue  
and read out  t o  the  s p a c e c r a f t  upon command. A s  t h e  event  counter  advances 
i t  w i l l  r ecyc le  t o  0 and begin anew at  the 32nd count. 
These i n v e s t i g a t i o n s  w e r e  conducted wi th  a sense  of  urgency. They 
were conducted i n  cons tan t  suppor t  o f  t h e  MEPF/G experiment and were f r e -  
quent ly  responding t o  d i f f i c u l t i e s  t h a t  conceivably could abor t  t he  
experiment. Consequently, many i n t e r e s t i n g  and f r u i t f u l  areas f o r  inves- 
t i g a t i o n  w e r e  l e f t  incomplete i n  o r d e r  t o  seek  s o l u t i o n s  t o  more p r e s s i n g  
problems. It is recommended t h a t  cons idera t ion  b e  given t o  a d d i t i o n a l  
i n v e s t i g a t i o n s  i n t o  some of t h e s e  areas. 
One of t h e  f a c t o r s  t h a t  s i g n i f i c a n t l y  in f luences  t h e  Paschen 
c h a r a c t e r i s t i c s  of  t h e  MEPF/G t ransducer  and i s  extremely d i f f i c u l t  t o  
c o n t r o l  is  i t s  p a s t  h i s t o r y .  The f i r i n g  vo l t ages  and, p r i o r  t o  t h e  use  
of  a source  f o r  i n i t i a l  i o n i z a t i o n ,  t h e  p r o b a b i l i t y  of  a f i r ing -changes  
s i g n i f i c a n t l y  w i t h  t i m e .  This " t r ans i en t "  appears t o  cont inue f o r  a 
per iod  as long as several days, It i s  improbable t h a t  i t  w i l l  i n f luence  
the  MEPF/G experiment,  b u t  i t  should b e  i n v e s t i g a t e d  f u r t h e r .  An inves- 
t i g a t i o n  of  t h i s  t r a n s i e n t  would be a s imple,  l o g i c a l  ex tens ion  of an 
experiment t o  monitor t h e  long-term performance of  t h e  MEPF/G t ransducers .  
A program t o  s tudy  the  long-term c h a r a c t e r i s t i c s  of t h e  MEPF/G system i s  
e s p e c i a l l y  recommended e 
One mechanism l i k e l y  t o  con t r ibu te  t o  t h e  in f luence  of p a s t  h i s t o r y  
is changes i n  t h e  e l e c t r o d e  s u r f a c e  wi th  each f i r i n g .  This mechanism 
would b e  extremely d i f f i c u l t  t o  c o n t r o l ;  however, i t s  in f luence  could 
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poss ib ly  be  reduced by us ing  e l ec t rodes  wi th  h ighly  pol i shed  s u r f a c e s ,  
Pol i shed  e l ec t rodes  were used i n  these  i n v e s t i g a t i o n s  b u t  p r o p e r t i e s  of 
t he  neon gas i n  use a t  t h a t  t i m e  dominated t h e  t ransducers  c h a r a c t e r i s t i c s .  
The quan t i ty  of N i 6 3  on t h e  MEPF/G e l e c t r o d e s  w a s  s e l e c t e d  s o  as no t  
t o  exceed a t o t a l  o f  1 m C i  wi th  the  maximum number of t ransducers  t h a t  
would l i k e l y  be  r equ i r ed  by t h e  experiment, This  amount proved t o  be  
adequate and t h e r e  w a s  no need f o r  f u r t h e r  cons idera t ion .  It  is advisable  
t o  determine t h e  minimum quan t i ty  of N i 6 3  needed to  assure  r e l i a b l e  oper- 
a t i o n ,  however. A program t o  determine d e f i n i t i v e  r e l i a b i l i t y  numbers as 
a func t ion  of the  quan t i ty  of  N i 6 3  used would be  p r o h i b i t i v e  i n  terms of  
the  number of samples and t h e  quan t i ty  of  d a t a  required.  However, i f  i t  
can be  demonstrated t h a t  one t e n t h  of t h e  amount cu r ren t ly  i n  use i s  
nominally adequate,  f o r  example, one could be  conf ident  t h a t  an adequate 
amount i s  i n  use. Addi t iona l ly ,  t h i s  i n v e s t i g a t i o n  could be of s i g n i f i -  
cance t o  similar f u t u r e  experiments 
8% 
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PROCEDURE 
The fol lowing procedure is app l i ed  t o  l o t s  of  f i f t h  (50) t ransducers  
t o  allow c leaning  and p l a t i n g  i n  a continuous ope ra t ion ,  i . e . ,  s t o r a g e  
t i m e  between c leaning  and p l a t i n g  w i l l  be  h e l d  t o  a minimum. Following 
p l a t i n g ,  t h e s e  u n i t s  w i l l  be  counted f o r  r a d i o a c t i v i t y ,  packaged and 
l abe led  ind iv idua l ly .  A l l  chemicals used f o r  t h i s  procedure are "Ultra 
pure" reagents ,  and materials t h a t  contac t  t he  swi tches ,  e. g. , carrier 
baske ts  and tweezers ,  are s t a i n l e s s  s teel  and are precleaned us ing  
Procedure I below: 
I. Prec leaning  t o  remove S o i l s  and Grease ( r e f .  A-1) . 
S e l e c t  a l o t  of f i f t y  (50) from the  prescreened swi tches .  
Ascer ta in  t h a t  t he  e l e c t r o d e s  are s t r a i g h t  and p a r a l l e l ,  and 
remove any bu lk  deb r i s  by wiping wi th  a d isposable  t i s s u e .  
Load t h e  l o t  of 50 i n  a carrier baske t .  The 50 u n i t s  remain 
i n  the  carrier baske t  throughout t h e  prec leaning  process .  
(A) Immerse i n  a b o i l i n g  t r i ch lo roe thy lene  (TCE) ba th  f o r  
1 5  minutes. 
(B) Immerse i n  a cold TCE b a t h  f o r  5 minutes.  
(C) Vapor degrease i n  TCE. (Headway Research Laboratory Vapor 
Cleaner Model MV 4000) .  
(D) Rinse i n  Methanol (Bath 1 ) .  
(E) Rinse i n  Methanol (Bath 2 ) .  
(F) Clean i n  an u l t r a s o n i c  ba th  using Nethanol. 
(G) Rinse i n  Methanol (Bath 3) /I 
(H) S to re  i n  Methanol (Bath 4 ) .  
(It i s  a n t i c i p a t e d  t h a t  s t o r a g e  (Step H) w i l l  be  h e l d  t o  a minimum 
and p l a t i n g  w i l l  begin immediately) e 
Figure  A-1 shows a prec leaning  ope ra t ion  i n  progress .  The 50 u n i t s  
are l o c a t e d  i n  t h e  carrier baske t  on t h e  h o t  p l a t e  (Step A). The 
u l t r a s o n i c  ba th  i s  no t  shown i n  Fig. A-1. 
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Figure A-1. The Prec leaning  Process 
11. P l a t i n g  
(A) Remove ind iv idua l  u n i t s  from t h e  Methanol b a t h ,  r i n s e  i n  
d i s t i l l e d  deionized water and air dry.  
(B) Dip e l ec t rodes  (only) i n  10% (V/V) H C 1  f o r  approximately 
1 5  seconds. (This s t e p ,  i l l u s t r a t e d  i n  Fig.  A-2, acti-  
va t e s  t h e  s u r f a c e  f o r  p l a t i n g  and i s  used i n  preference  
t o  an Alkal ine c leaning  s t e p  which i s  incompatible wi th  
t i n  o r  an e l e c t r o l y t i c  c leaning  s t e p  which is  no t  docu- 
mented as compatible wi th  t i n ,  r e f .  A - l l ) *  
(C) Rinse each u n i t  i n  Methanol (Bath 5 ) .  
(D) Rinse each u n i t  i n  d i s t i l l e d ,  deionized water. 
(E) Air dry each u n i t  and p l ace  i n  t h e  p l a t i n g  apparatus .  
(Figure A-3 shows the  t ransducer  i n  t h e  ho lde r  and posed above the  
p l a t i n g  ba th .  Addit ional  d e t a i l s  of t h e  p l a t i n g  apparatus  are i l l u s -  
t r a t e d  i n  Fig. A-4, and t h e  a s soc ia t ed  ins t rumenta t ion  is  shown i n  
Fig. A-5.) 
(F) P l a t e  each u n i t  at approximately 0,3 mA u n t i l  cut-off 
occurso  (To ta l  p l a t i n g  charge w i l l  be  determined by t h e  c i r c u i t  
Fig. A-6. The p l a t i n g  c i r c u i t  is  i l l u s t r a t e d  schemat ica l ly  i n  Fig. A-7. 
Refer r ing  t o  Fig. A-6, t h e  high-gain a m p l i f i e r  (pA741) s a t u r a t e s  and 
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Figure A-2. The Elec t rode  Act iva t ion  S tep  Using H c l  
Figure A-3. A Transducer Enter ing t h e  P l a t i n g  Bath 
93 
Figure A-4. A Photograph of t h e  P l a t i n g  Apparatus 
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Current and Tota l  
Charge Control 
i.IEP F/ G 
P res s ure  
Transducer 
Figure A-7. Schematic o f  iJ ickel  P l a t i n g  Apparatus 
supp l i e s  a r e l a t i v e l y  cons t an t  cur ren t  t o  t h e  p l a t i n g  c i r c u i t .  The 
cu r ren t  i n  t h e  p l a t i n g  b a t h  is c o n t r o l l e d  by a d j u s t i n g  R 
t h a t  flows i n  the  p l a t i n g  c i r c u i t ,  J'i d t ,  is  p ropor t iona l  t o  t h e  N i  
depos i ted  on t h e  t ransducer  e l ec t rodes  The i n t e g r a t o r  (AD183J) i n t e -  
g r a t e s  t h e  cu r ren t  i n  t h e  ba th ,  i . e . ,  t h e  vo l t age  across  R and causes 
t h e  vo l t age  source  (uA741) t o  z e r o  a t  a va lue  determined by R 
adjustments such t h a t  i = 0.3  d, and /i d t  = 2.0 v o l t s  when t h e  vo l t age  
supply (and cu r ren t )  zeros 
A-8 w a s  ob ta ined ,  




the X i 6 3  d i s t r i b u t i o n  i l l u s t r a t e d  i n  F ig ,  
3' 
The p l a t i n g  b a t h  i s  as follows ( r e f .  A-2). 
NiS04  6 H20  1 2  gms. 
H3B03 1 . 5  gms. 
NH4 C 1 1 - 5  gms. 
H2°2 5 lJQ 
Dissolve these  reagents  i n  100 m l  of d i s t i l l e d ,  deionized water. 
Add 3 m C i  of carrier-free N i 6 3  ( O a k  Ridge Nat iona l  Laboratory).  
b a t h  a t  room temperature,  pH of 5 to  5.5 and a c u r r e n t  dens i ty  of 5 t o  
10 A/ft2;  
Operate 
(0.3 mA p e r  u n i t )  
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(G) Rinse i n  Methanol (Bath 6 ) .  
(H) Rinse i n  Methanol (Bath 7) and a i r  dry. 
I11 e Counting 
(A) Af t e r  p l a t i n g  is completed, mount each u n i t  i n  t h e  
car r ie r -p lanchet .  Use precleaned,  s t a i n l e s s  steel  
tweezers t o  g r i p  the  o u t e r  r i n g  of t h e  t ransducer .  
(B) Stack t h e  p lanchets  i n  t h e  automatic  planchet  system. 
(The p lanchets  are e s p e c i a l l y  prepared,  s t a i n e l s s  s tee1 
wi th  a s t a i n l e s s  steel  ho lde r  s p o t  welded i n t o  t h e  
bottom. The c a r r i e r / p l a n c h e t  i s  i l l u s t r a t e d  i n  Fig.  A-9 
wi th  and without a t ransducer .  F igure  A-10 shows the  
car r ie r -p lanchet  s tacked  i n  a columnator t h a t  is  a p a r t  
of t h e  count ing system. No f u r t h e r  manual opera t ions  
are necessary u n t i l  count ing is  completed.) 
(C) Operate the  counting system t o  determine a 10-minute 
count on each t ransducer .  (The counting system i s  a 
Nuclear-Chicago Corporation Model 4330 Automatic 
Planchet  System. 
d e t e c t o r ,  a model 1150 Automatic Planchet  Changer and 
a 8703 decade scaler. In t h e  counter ,  each u n i t  i s  
exposed t o  P-10 gas i n  a Model 480 propor t iona l  d e t e c t o r  
opera ted  windowless e 
It c o n s i s t s  of  a Model 970 Beta 
Figure A-9 e Carrier-Planchets  With and Without a Transducer 
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Figure  A-10. Carr ier-Planchets  Stacked i n  Columnator f o r  
Automatic Counting 
Figure A-11. A Completed and Packaged Transducer. 
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(D) Af t e r  counting is completed, unload each t ransducer  
from i ts  car r ie r -p lanchet  d i r e c t l y  i n t o  a polyethylene 
bag and seal. Each bag i s  t o  be  marked wi th  t h e  counter  
readout i n  counts p e r  minute. ( A  completed and s e a l e d  
t ransducer  i s  shown i n  Fig. A- l l - )  
Counter Calib r a t  ion  
The counting system w a s  c a l i b r a t e d  wi th  a Beckman l i q u i d  s c i n t i l -  
l a t i o n  system f o r  which c a l i b r a t e d  carbon-14 (C ) and hydrogen-3 (H ) 
samples were a v a i l a b l e .  These c a l i b r a t e d  s tandards  permi t ted  t h e  
e f f i c i e n c y  of t h e  Beckman system t o  b e  ca l cu la t ed  f o r  C I 4  and H 
t h e  67 keV b e t a s  of M i 6 3  l i e  between t h e  C14  and H b e t a s ,  the e f f i -  
ency of  t h e  Beckman system f o r  N i 6 3  w a s  es t imated .  Transducers analyzed 
wi th  t h e  Beckman s c i n t i l l a t i o n  system were a l s o  counted with tile window- 
less Nuclear-Chicago sys  t e m  t o  determine i t s  e f f i c i e n c y .  Addi t iona l ly ,  
a c a l i b r a t e d  C I 4  p lanchet  s t anda rd  w a s  counted i n  both systems t o  
provide a secondary check on the c a l i b r a t i o n  and to  serve as a secondary 
s t anda rd  f o r  f u t u r e  counting. The e f f i c i e n c y  of t h e  Nuclear-Chicago 
system w a s  es t imated  from these  c a l i b r a t i o n  counts to  be 75% and t h i s  
estimate i s  concluded to  be accura te  wi th in  5 5%. Knowing t h e  e f f i c i -  
ency of t h e  counter ,  t h e  t o t a l  a c t i v i t y  i s  r e a d i l y  determined from the  
d e f i n i t i o n  of a c u r i e  (Ci) .  
1 4  3 
3 Since 
3 
C i  E 3.7 x lo1' d i s i n t e g r a t i o n s / s e c  
= 2.22 x 10 d is in tegra t ions /min  8 
Therefore ,  i f  t h e  e f f i c i e n c y  of a counter  i s  75%, 
counts/minute - 
2 . 2 2  x l o 8  x - 7 5  'i 
The Beckman l i q u i d  system cannot be  used f o r  t h e  a c t u a l  counting 
of  t h e  MEPF/G t ransducers  s i n c e  samples have t o  be  immersed i n  a sc in-  
t i l l a t i o n  s o l u t i o n  t h a t  is d i f f i c u l t  t o  remove, 
The N i 6 3  p l a t e d  on each t ransducer  is such t h a t  i f  every t ransducer  
had t h e  m a x i m u m  amount permiss ib le  under worse-case cons idera t ions ,  t h e  
t o t a l  N i 6 3  used i n  t h e  experiment would be less than 1 pCi. 
LOO 
N i 6 3  Data 
Basic: 
H a l f  l i f e  (T 1 /2)  = 92 yea r s  
Decay Energy (E,) = 67 keV 
P 
= Cu63 (Stab le)  Daughter 
Range = 6 mg/cm 2 
z 5 c m  i n  air 
z 3i m i l  i n  Copper 
M a x i m u m  pe rmis s ib l e  body burden f o r  s o l u b l e  N i  63. a
(No phys io log ica l  e f f e c t s  observable)  
Bone = 200 p C i  
T o t a l  body = 900 V C i  
3 Liver = 10 p C i  
(No d a t a  on i n s o l u b l e  N i  63  ) 
AEC Regulations : 
(1) Exempt q u a l i t y  f o r  a s e a l e d  source  = 10  V C i  
(2) Exempt q u a n t i t y  f o r  spa rk  gap and e l e c t r o n i c  tubes is 
5 p C i  p e r  tube ,  10 tubes p e r  person.  
The C 1 4  p lanchet  s t anda rd  is i d e n t i f i e d  as fol lows ( r e f .  A-3) : 
Model No. - Baird  Atomic - N o .  CTD 1 4 B  
S e r i a l  No. - 14  B 41  
Nuclide - C 
H a l f l i f e  - 5,568 y r  
P r i n c i p a l  Radiat ion - 155 keV 6 
Date of  S tandard iza t ion  - January 3 ,  1966 
Microcurie  Content - 0.176 p C i  
14 
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APPENDIX B 
RADIOLOGICAL HEALTH CONSIDERATIONS FOR N I ~ ~  TRANSDUCERS 
I. Regulatory Aspects:  
A. Radioact ive Materials Licensing ( r e f s .  B-1, B-2) : "A genera l  
l i c e n s e  i s  hereby i s sued  t o  t r a n s f e r ,  r ece ive ,  acqui re ,  own, 
possess ,  use and import the q u a n t i t i e s  of byproduct material 
l i s t e d  i n  paragraph 31.100, Schedule A, provided t h a t  no 
person s h a l l  at  any one t i m e  possess  o r  use, pursuant  t o  the  
genera l  l i c e n s i n g  provis ions  of t h i s  s e c t i o n ,  more than a t o t a l  
of t e n  such scheduled q u a n t i t i e s . "  
(Not as a Sealed Source) ,  r e f l e c t s  a possession of 1 p C i  f o r  
N i 6 3 s  
may be obta ined;  t h e r e f o r e  a t o t a l  of 10 p C i  N i 6 3  would m e e t  
t he  provis ions  o f  a general  l i c e n s e .  Assuming 0.003 pCi  p e r  
t r ansduce r ,  possess ion  of  3,333 such devices  i s  l i censed .  
Column I of Schedule A 
Hawever, as s t a t e d  above, a t o t a l  o f  10 such q u a n t i t i e s  
B. Waste Disposal  ( r e f s .  B-3, B-4): I n  t h e  event  d i sposa l  of one 
o r  more senso r s  is  deemed necessaryg  t h e  most appl icable  methods 
are t r a n s f e r  t o  an au thor ized  r e c i p i e n t ;  e.g. , a commercial 
waste d i sposa l  s e r v i c e ,  o r  b u r i a l  i n  s o i l .  
C. Transpor ta t ion  (ref. B-5) : "Radioactive materials i n  normal 
form not  exceeding 1 m C i  of Group I V  (which inc ludes  
63  N i  ) are exempt from s p e c i f i c a t i o n  packaging, marking, and 
l a b e l i n g ,  and are exempt from t h e  genera l  packaging requirements 
of Sec t ion  173.393 i f  t h e  fol lowing condi t ions are m e t :  
(1) The materials are packaged i n  s t r o n g ,  t i g h t  packages 
such t h a t  t he re  w i l l  be  no leakage of  r ad ioac t ive  
materials under condi t ions normally i n c i d e n t  t o  
t r anspor t  at i o n  
(2) The package m u s r  be  such t h a t  t h e  r a d i a t i o n  dose rate 
at any p o i n t  on the  e x t e r n a l  s u r f a c e  of  t h e  package 
does not  exceed 0.5 m C i  p e r  hour. 
(3) There m u s t  b e  no s i g n i f i c a n t  removable r ad ioac t ive  
s u r f a c e  contamination on t h e  e x t e r i o r  of t h e  package. 
( 4 )  The o u t s i d e  of t he  i n n e r  conta iner  m u s t  b e a r  t h e  
marking "RADIOACTIVE" e 
A package conta in ing  333,300 devices  such as t h e  MEPF/G N i 6 3  t ransducers  
would be  allowed under t h i s  r egu la t ion .  
10 4 
It is a n t i c i p a t e d  t h a t  due t o  new p o s t a l  r egu la t ions  soon t o  b e  
i s sued ,  shipment through U. S. M a i l s  w i l l  n o t  b e  poss ib l e .  
I1 Radio logica l  Hazards : 
A, Radio logica l  C h a r a c t e r i s t i c s :  N i 6 3  is  a pure  b e t a  emitter, wi th  
a h a l f  l i f e  of 92 years .  
of 0.067 MeV and decays t o  s t a b l e  Cu e The m a x i m u m  range of 
0.067 MeV b e t a ' s  is less than 1 cm air. 
The emi t ted  b e t a  has  a m a x i m u m  energy 
6 3  
B. Deposi t ion i n  Body ( r e f .  B-6): Referenced document B-6 i d e n t i -  
f i e s  t h e  bone as the  organ of  i n t e r e s t  f o r  i n t e r n a l  depos i t ion  
of N i 6 3  and recommends a maximum pe rmis s ib l e  burden i n  t h e  t o t a l  
body of 200 V C i .  That i s ,  i f  t h e  q u a n t i t y  s t i p u l a t e d  w e r e  
depos i ted  i n  t h e  t o t a l  body, i t  would r e s u l t  i n  t h e  m a x i m u m  
al lowable dose-rate t o  t h e  c r i t i c a l  organ. S p e c i f i c a l l y ,  f o r  
N i 6 3 ,  200 p C i  whole body depos i t ion  would r e s u l t  i n  a bone 
exposure of 5 rems p e r  year .  Assuming an average concent ra t ion  
of 0.003 
such devices  could b e  a s s imi l a t ed .  Under the  most s t r i n g e n t  
exposure condi t ions ,  L e . ,  those  levels p resc r ibed  f o r  non- 
r a d i a t i o n  workers,  t h i s  f i g u r e  would be  reduced by a f a c t o r  of 
10 t o  6,666 devices .  
C i  per t r ansduce r ,  t h e  t o t a l  N i 6 3  conten t  of 66,666 
C. Phys i ca l  and Chemical P rope r t i e s :  Nickel i s  s o l u b l e  i n  N i t r i c  
ac id ;  s l i g h t l y  s o l u b l e  i n  s u l f u r i c  and hydroch lo r i c  a c i d s ;  and 
has  a mel t ing  p o i n t  1453°C. 
D. External Exposure: I n  view of  t h e  low energy b e t a  p a r t i c l e  
emi t ted  by N i 6 3 ,  t h e  only type of exposure t o  b e  considered 
would be  t h a t  rece ived  by t h e  hands and f i n g e r s  during mani- 
p u l a t i o n  of t h e  sensors  p r i o r  t o  placement i n  t h e i r  copper 
casings.  Current r egu la t ions  s p e c i f y  t h a t  t h e  hands should 
no t  exceed 18.75 rems p e r  13 week per iod.  It  would b e  impos- 
s i b l e  t o  approach t h i s  exposure level even by d i r e c t  handl ing  
of t h e  senso r s  e 
111. Handling Precaut ions  : 
Although t h e  external r a d i a t i o n  dose-rate is  n e g l i g i b l e ,  i t  m u s t  
b e  recognized t h a t  t he  N i 6 3  has  been p l a t e d  on to  t h e  t ransducer  
e l ec t rodes .  Such a process  does pose a p o t e n t i a l  source  of contami- 
n a t i o n  i n  t h a t  t h e  r ad ioac t ive  material can b e  phys ica l ly  removed 
through abras ion  o r  chipping. 
be  given t o  the assembly procedure.  
Therefore ,  p a r t i c u l a r  a t t e n t i o n  should 
I t  i s  suggested t h a t  t h e  
235 
t ransducers  be  handled only with d isposable  gloves;  no t  only t o  
prevent  contamination, bu t  t o  ensure c l ean l ines s  e Routine h e a l t h  
physics  surveys of sh ipp ing  conta iners  and work s u r f a c e s  should be  
conducted. 
Conclusions : 
I n  view of the  q u a n t i t i e s  of  N i 6 3  proposed i n  the MEPF/G p r o j e c t ,  
the  regula tory  and r a d i o l o g i c a l  cons idera t ions  are minimal. Due t o  
the low energy of t h e  emi t t ed  b e t a  p a r t i c l e s  and r e l a t i v e l y  high 
melt ing po in t  of N i 6 3 ,  t he  p o s s i b i l i t y  of i n t e r n a l  depos i t ion  and 
e x t e r n a l  exposure is extremely remote under p re sc r ibed  handl ing  
techniques Even under c a t a s t r o p h i c  condi t ions  such t h a t  a l l  of 
t he  N i 6 3  on 3,000 t ransducers  w a s  a s s imi l a t ed  by a s i n g l e  i n d i v i d u a l ,  
the r e s u l t i n g  exposure would be less than t h a t  p re sc r ibed  by 
e x i s t i n g  r egu la t ions  e 
Although t h e  r a d i a t i o n  hazards  poss ib l e  under t h i s  p r o j e c t  are 
n e g l i g i b l e ,  normal r a d i o l o g i c a l  s a f e t y  techniques should be observed 
i n  o r d e r  t o  e l i m i n a t e  al l  unnecessary exposure. 
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ACTIVATION OF COPPER WITH NEUTRONS 
APPENDIX C 
ACTIVATION OF COPPER WITH NEUTRONS 
Ordinary copper contains  69.1% Cu63 and 30.9% 29Cu65a The 29 
fol lowing r e a c t i o n s  are p o s s i b l e  w i t h  neutrons : 
63 cu64 + y 2gCu + j 29 
64 Cu64 +- Zn ( s t a b l e )  + B- ; T = 1 2 . 8  h r s  
29 30 % 
64 + Cu64 -+ 2 8 N i  ( s t a b l e )  + B ; T% = 12.8  h r s  29 
cu6’ + n -+ 2 9 ~ u 6 2  + 2n ( r e q u i r e s  neutron 
29 energ ies  > 10 MeV) 
65 c 2  + 2gCu -+ 29 
66 + Zn ( s t a b l e )  + 6- ; T4 = 5.1 min. 29 30 
An e s t i m a t i o n  of the  amounts of  copper converted t o  z i n c  o r  n i c k e l  
is as fol lows:  t he  i n t e n s i t y  of neutrons at a d i s t a n c e  r surrounding a 
p o i n t  o f  source  i s  
I=--- I O  
2 ’  4 1 ~ r  
where I is  t h e  source  s t r e n g t h  i n  n /sec .  For t h e  RTG power supply,  a 
wors t  case assumption is  ( r e f .  2) 
0 
7 I = 2.90 x 10 n /sec .  
0 
A t  a d i s t a n c e  o f  6 feet ,  
7 
 IT x (6 f t  x 30.48 cm/f t )2  
2.90 x 10 n / s e c  I =  
2 I = 69 n / s e c  - cm e 
10 9 
The a t t e n u a t i o n  o f  neutrons is given by 
I = Io exp (-a Nx) 
where 
2 
5 = c ross  s e c t i o n  i n  cm 
N = number of absorber  n u c l e i  p e r  u n i t  volume, and 
x = thickness  of absorber.  
The only r e a c t i o n  of any s i g n i f i c a n t  c ros s  s e c t i o n  i s  t h e  (n,  y)  
r eac t ion .  The c ross  s e c t i o n  f o r  t h e  (n ,  y) r e a c t i o n  varies between 
2 6 .1  x cm2 and 2.0 x c m  f o r  neutron energ ies  between 1 and 
10 MeV. Assume a cross-sect ion o f  a = 1 x 10 c m  . The number dens i ty  
f o r  copper is 
-24 2 
22 3 N 8.5 10 / c m  . 
I f  t h e  thickness  of t h e  copper tub ing  is assumed t o  be  0.25 cm, f o r  
example, t h e  i n t e n s i t y  of given by 
I = I e ~ p ( - l O - ~ ~  x 8.5 x x 0.25) 
0 
= Io 0.98 
The change i n  t h e  i n t e n s i t y  wi th  t i m e  i s ,  of course,  t h e  a c t i v a t i o n  rate,  
A ,  and is given by 
2 2 
A E A I  = I - Io = .69 (0.02)/sec cm = 1.38/sec cm . 
2 For  a 1 cm area, t h e  number of copper atoms a c t i v a t e d  p e r  sec is  
1.3. This q u a n t i t y  is of absolu te ly  no consequence even a f t e r  a per iod  
10" years .  
Any i o n i z a t i o n  r a d i a t i o n  which may pass through the  area n e a r  t h e  
The y energy MEPF/G t ransducer  w i l l  only a i d  t h e  breakdown phenomena. 
i s  l a r g e  enough t o  p a s s  through t h e  chamber; howeverg t h e r e  w i l l  b e  
only a few p e r  second s o  t h a t  they w i l l  n o t  a i d  s i g n i f i c a n t l y .  
110 
